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PREFACE 


By action of the Board of Trustees of the American Medical Asso- 
ciation, this issue of the ARCHIVES OF PATHOLOGY is published 
as a testimonial to the life and work of Dr. Ludvig Hektoen, editor of 
the ARCHIVES OF PATHOLOGY since its establishment in 1926. 
It is dedicated to him on the occasion of his seventy-fifth birthday, 
July 2, 1938. The volume includes papers contributed especially to this 
issue by physicians who were his students or who have been closely 


associated with him in his many activities. 











LUDVIG HEKTOEN 


A BIOGRAPHY AND AN APPRECIATION 


MORRIS’ FISHBEIN, M.D. 
Editor of The Journal of the American Medical Association 


CHICAGO 


On July 2, 1938, Dr. Ludvig Hektoen celebrates his seventy-fifth 
birthday. His career as a medical scientist has won him’ the admiration, 
the love and the respect of every one who knows him. It would be easy 
to glorify him, to hail him with excitement and frenzy, as what Paul 
DeKruif calls a “death fighter’; but with Dr. Ludvig Hektoen such 
diction would be wholly out of character. He is a calm man, never given 
to overstatement. Nevertheless he emanates inspiration. The young 
men whom he has encouraged and helped and stimulated are many in 
number and remarkable as to their accomplishments. 


EARLY YEARS 

The records of the Norwegian Evangelical Lutheran Church in Coon 
Prairie, Vernon Co., Wis., testify that Ludvig, the son of P. Hektoen 
and wife Olava (née Thorsgaard), was born July 2, 1863, and baptized 
July 19 of the same year. In these few lines Halvorsen, pastor of the 
said church, recorded a very important fact for the development of 
American medicine. 

The Thorsgaard family arrived in Quebec on Aug. 6, 1854. After 
remaining on the boat for three days, the family, in the company of 
other immigrants, left Quebec on August 10 by boat, traveling through 
canals and the lakes and by railroad to Stoughton, Wis. By wagon they 
proceeded to West Koshkonong, where they remained about a week. 
Then they resumed their journey, passing through Madison, Wis., and 
that evening reached the town of Viroqua. The following day they pro- 
ceeded to their destination, a place now called Westby, Wis. 

In the course of the travels of this group of immigrants from Quebec 
to Westby, fourteen deaths occurred, all except one from what was 
called cholera. This story of the life of the American pioneers has of 
course been repeated in many other instances, but it is important to 
realize the nature of the stock from which Ludvig Hektoen was derived. 
It was good, vigorous Norwegian stock. 

In the pioneer settlement of Westby, composed almost wholly of 
Norwegian immigrant farmers and their families, Ludvig Hektoen spent 
his childhood. He was the only child until his sixth year, when a 
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brother was born. Later other children were born. Hektoen’s father 
yas a Lutheran parochial school teacher. The boy began attending 
school early, but the terms seldom lasted longer than two or three 
months. Later, he attended the common or district school. As all the 
children were Norwegian, English was not spoken except during school 
hours, and all efforts by the teachers to make the children speak English 
were without effect. 

In his spare time, Ludvig did chores about the place and helped 
with the farm work. He learned, of course, to ride a horse, but he was 
not particularly skilful at childish games or hunting, or in the use of 
tools. He had no special preferences for any of the branches taught in 
school. He did not come early into contact with any one interested or 
especially trained in botany or in any of the other sciences concerned 
with nature. Moreover, there were no books in the home devoted to 
the sciences. The collection was the usual one of that time, consisting 
mainly of Norwegian story books and family magazines. 

When Ludvig was 13 years old, he went for nine months to Monona 
Academy in Madison, Wis., a school now extinct. The work of this 
academy was similar to that given in the higher classes of the district 
school. Most of the pupils lived in the buildings of the academy. Ludvig 
sarned a little money chopping wood for one of the school teachers. 

In 1877, when he was 14 years old, he went to Luther College in 
Decorah, lowa. There he spent six academic years and graduated in 
1883 with the degree of Bachelor of Arts. The course in the Decorah 
college included mostly the studies belonging to a classical type of 
education, with much emphasis on Latin and Greek. There were no 
courses in biology, chemistry or physics. Typical of that education which 
endeavors to reinculcate in the young the tradition of the fatherland and 
the sentiment and belief of the foreign parent, much attention was paid 
to teaching the Norwegian language. While there was special training 
in English, about the same amount of emphasis was placed on talking 
and writing Norwegian. However, a good reading knowledge of German 
was acquired, and the mathematical training included algebra and geom- 
etry. There were no elective courses. The curriculum was prescribed. 
The aptitudes of the students for special subjects did not concern their 
teachers. However, the library facilities were’ good, and Hektoen read 
extensively in the classical English and Scandinavian literatures, with a 
predilection for novels. That catholicity of literary taste has continued 
with him to the present. 

Nearly all the students at Luther College, which was not coeduca- 
tional, lived in the college buildings. The conditions were far from those 
required by modern hygienic standards. There was, of course, no 
regular instruction in personal or physical hygiene. The food was 
simple, monotonous and seldom well prepared. Football, track athletics 
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and baseball were not included in the curriculum. The only opportunity 
for exercise or sport included walking and skating. The school did 
have a debating society. While Ludvig Hektoen did not exhibit extraor- 
dinary facility in vocal demonstration, his mental powers induced him 
to take a modest part in the debating society and in an occasional 
program of literary character. When commencement came, he was one 
of three or four in the graduating class selected to speak, perhaps because 
his scholastic attainments were above the average, although the records 
do not indicate excellence in any particular branch. 

From what has been said thus far, it is apparent that neither by 
heredity nor by environment was Ludvig Hektoen especially destined to 
the study of medicine. How then did he happen to choose a career in a 
field in which he has attained such enviable distinction? The plan to 
study medicine began to form in his mind some two or three years 
previous to his graduation. He does not recall any special occasion 
which served to turn his attention to the possibility of studying medicine, 
unless it was a desire to escape from the necessity of studying theology. 
Most of the students in Luther College at that time were more or less 
predestined for the ministry. Nevertheless, two members of the class 
in which he graduated, which included sixteen, subsequently studied 
medicine. 

In 1881 a young, attractive and well educated physician, Dr. Johan 
K. Schreiner, came from Norway to take up practice in Westby, Wis. 
Young Hektoen was much in his company during the vacation period. 
Perhaps this example and the encouragement from Dr. Schreiner were 
the determining factors in his choice of medicine as a career. The keen 
interest shown by Dr. Schreiner in daily work with his patients and his 
influence on those with whom he came in contact did much to make 
the career of the physician irresistibly attractive. Therefore, in 1883- 
1884 Hektoen took premedical courses in the University of Wisconsin, 
including chemistry, biology and histology. For several months the work 
was strange. Apparently he was not attracted especially to any particular 
field or by any individual teacher. Among his instructors at the Univer- 
sity of Wisconsin were Birge, Daniels, Trelease, Powers and Van Hise. 

When these courses were concluded, he decided to take the medical 
course at the College of Physicians and Surgeons in Chicago. His main 
reason for selecting this college, which was then comparatively new, 
was the membership in the faculty of two or three physicians from Wis- 
consin who were favorably known in the state. He was, however, 
without sufficient funds to pay for his course in medicine. He therefore 
obtained the position of attendant at the Northern Hospital for the 
Insane in Oshkosh, Wis. After a short time, he was placed in charge 
of the drugstore of the hospital, and he remained there until the fall 
of 1885. 
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Characteristic of Ludvig Hektoen is the fact that his job as druggist 
in this hospital was important not only as a means of raising funds but 
as an opportunity for extending his knowledge. While in this position 
he followed the medical work of the assisting physicians, copied notes 
on the condition of the patients into the record books, did some desultory 
reading of medical books and journals and took a rather active part in 
the necropsies which were performed on the patients who died in the 
hospital. In those days comparatively few necropsies were made, and 
apparently little pleasure was derived by those who made them from 
their performance. Frequently the physicians were glad to entrust this 
phase of medical work to Ludvig Hektoen; he still has available 
records of the necropsies which he made at that time. The material 
from the bodies was not studied further. Necropsy meant merely noting 
and recording roughly the gross appearances. There was no attempt 
to carry out any kind of research in the hospital. In fact, rather 
expensive laboratory equipment for the study of neuropathology, which 
had been installed and used to some extent under a previous superin- 
tendent, Dr. Walter Kempster, was allowed to disintegrate from misuse 
and neglect. 

Then Hektoen took up the regular medical course and graduated in 
the spring of 1887. Now his aptitude for medicine was apparent. Prac- 
tically all of the work consisted of lectures with quizzes, and the final 
marks were based on the final examination papers. His grades were so 


high that he was elected valedictorian of his class. Prof. Nicholas Senn 


gave the doctorate address, and the degrees were conferred: by, the 
president of the college, Prof. A. Reeves Jackson. 

In the summer of 1887, immediately following his graduation, he 
was apothecary in the Illinois Eastern Hospital for the Insane, in 
Kankakee, then under the superintendentship of Richard Dewey. 

During the winter of 1886-1887 Hektoen spent much of his time 
preparing intensively for the annual competitive examination which 
was given each spring for the selection of interns for the Cook County 
Hospital in Chicago. This was wholly a written examination which 
covered the main medical branches. Dr. Hektoen points out that success 
depended most on memorizing the contents pf current textbooks and 
on being able to write rapidly and clearly. He made first place in the 
examination—then, as now, one of the most valuable possessions within 
the reach of graduates of medical schools in Chicago. In the fall of 1887, 
he took up his work as intern in the Cook County Hospital. In this 
capacity he came more closely under the instruction of Christian Fenger. 

In December of that year he sustained an infection, for which he was 
treated by Christian Fenger. The eminent Fenger took time to write 
a kind letter to the father in Madison, informing him that Ludvig 
would soon recover. 
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Among others who were intimately associated with the great founder 
of pathology in Chicago were William Belfield, Clarence Earle, James 
B. Herrick, John B. Murphy, L. L. McArthur, Frank Billings, Malcolm 
L. Harris, Stanley P. Black, Weller Vanhook and E. R. LeCount. 

Following his departure from the Cook County Hospital in 1889, 
Dr. Hektoen was made curator of the museum of Rush Medical College. 
His notice of appointment is dated Dec. 14, 1889; it is signed by Norman 
sridge, recorder. His duties as curator were. said to be “to collect, 
receive, prepare and preserve specimens in the museum under the super- 
vision of the members of the faculty interested.” On Dec. 16, 1889, 


a... 





F. J. Hodges Alfred W. Hornbogen Mary Jeannette Kearsley Ludvig Hektoen Alice Piper 
(Later Alice P. Rud) 


Necropsy, Cook County Hospital, 1887 


Nicholas Senn, of Milwaukee, wrote him a letter of congratulation on 
the appointment as “a stepping stone to a distinguished professional 
career.” Later, in May 1889, he was made registrar of the Cook County 
Hospital at a salary of $75 per month. This position he resigned by 
February 1890, in order to take a position with the coroner of Cook 
County. 
RECOGNITION 

At this period in medical Chicago, affairs were moving with extra- 
ordinary rapidity. In June 1891 Ludvig Hektoen was appointed 
professor of general pathology in the College of Physicians and Surgeons 
of Chicago and was welcomed back to his alma mater by D. A. K. 
Steele, secretary of the faculty. 
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About this time, also, occurred a singular episode, typical of the 
period. On June 17, 1891, Ludvig Hektoen on the faculty of Rush 
Medical College was appointed dean of the medical department of the 
State University of Iowa, which position included also the professorship 
of didactic and operative surgery. Hearing of this appointment, the 
College of Physicians and Surgeons put in a substitute. Then it was 
found that Dr. Hektoen had refused the appointment in Iowa, and the 
College of Physicians and Surgeons elected him again. 

Time moved on. In May 1892 he was reappointed professor of 
pathologic anatomy in the College of Physicians and Surgeons. In the 
meantime he had gone to Europe. There, in Habo, Sweden, in 1891, he 
married Ellen Strandh. In November 1894 came the offer of the position 
of professor of morbid anatomy and director of the laboratory of normal 
and pathologic histology, bacteriology and hygiene in Rush Medical 
College, with the understanding that he resign all connections with 
other medical colleges and that he study abroad until the opening of 
the next session of the school, in order to take advantage of new develop- 
ments in other countries. 

Many considerations, no doubt, were weighed in the ultimate deci- 
sion, but at length Ludvig Hektoen elected to accept the position with 
Rush Medical College, a connection maintained almost to the present 
date. Here I insert a brief contribution by H. Gideon Wells, with a 
picture of the situation in Rush Medical College at that time. 


Hektoen had just been appointed to the faculty of Rush—not as professor of 
pathology but as “professor of morbid anatomy”—and thereby hangs a tale. A 
few years earlier Dr. John Hamilton, formerly Surgeon General of the United 
States Army, had come to Chicago as editor of The Journal of the American 
Medical Association and, in view of his eminence, had been added to the Rush 
faculty, not as professor of surgery, which position was fully occupied by Nicholas 
Senn, but as professor of pathology, a position which at that date was not zealously 
sought. Now Nicholas Senn was not only a great surgeon; he was really far 
ahead of most of the pathologists of the day, and a pioneer in experimental 
pathology, especially in the study of the problems of the surgeon. With Senn 
covering so amply the fields of both surgery and pathology, there really was 
little chance left for Hamilton to distinguish himself. He was given some surgical 
work in the Presbyterian Hospital and the surgical clinic, where, being a plump 
little chap, he had to stand on a box to reach the operative field and with his 
rounded anterior line resembled very much an especially pompous robin to the 
caustic students in the amphitheater above him. 

But, having the title of professor of pathology, Hamilton apparently felt that 
he should show that he really was a pathologist, and so wrote a textbook on 
pathology. His qualifications for this task may be indicated by the fact that 
whenever he was shown a section of one of the numerous tuberculous lymph nodes 
that the surgeons of the Gay Nineties found such a delightful object for demon- 
stration of dissecting skill, he invariably exclaimed, “Oh, yes, tuberculosis. How 


numerous the bacilli are!” This, despite the fact that the section.was stained only 
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with hematoxylin and eosin and was examined under a magnification of 50 diam- 
eters with one of the old hand microscopes, illuminated by a smelly oil lamp, which 
for many years circulated around the surgical amphitheater of Rush. 

The profundity and reliability of Hamilton’s book on pathology may be 
imagined. It came for review to a small local medical journal, and into the hands 
of on of the two chief contributors to this publication, who were Hektoen and 
Louis H. Mitchell, who for many years edited the Railzway Surgeon. The published 
review was scathing and aroused the wild indignation of Dr. Hamilton. As the 
review was signed “L. H.,” the blame was laid at the feet of Hektoen, although 
there was an unconfirmed rumor that Mitchell had really written it and signed 
his first two initials only, as a joke on Hektoen. I never asked Hektoen about the 
truth of this story, but to any one knowing Mitchell’s proclivities as a practical 
joker, it seems quite possible. However, Hektoen was perfectly capable of having 
written the review, for he had the usual contempt of honest young scientists for 
sham and hokum. A few years later he aroused the ire and vengeance of an 
eastern pathologist whose book he reviewed by merely printing a series of prepos- 
terous excerpts from the text, letting the author be damned out of his own mouth, 

In any event, he had made a bitter enemy of Hamilton, and so when the Rush 
faculty, seeing in Hektoen the up and coming young pathologist of Chicago, 
decided to offer him the chair of pathology and proposed shifting Hamilton to a 
subordinate position in the department of surgery, this was opposed by Hamilton, 
not that he objected to his own transfer but that he resented Hektoen’s replacing 
him as professor of pathology. The matter was finally compromised by retaining 
Hamilton as professor of pathology and creating the “professorship of morbid 
anatomy” for Hektoen. 

When Norman Bridge led me into Hektoen’s office in the newly erected 
laboratory building on the south side of Harrison Street I met a_ slender, 
bespectacled, pompadoured young man of decidedly Scandinavian appearance and 
with a trace of the characteristic accent, wearing one of the lengthy Prince Albert 
coats that then rivaled whiskers in giving dignity to the medical profession and to 
which dear Dr. Charles Parker clung until his death but a few years ago. Hektoen 
had no whiskers, but he did have a mustache—a formidable one. When he found 
out that I had been for a year in Chittenden’s laboratory, that I had had an elemen- 
tary course in bacteriology, and thought I knew how to cut sections, he agreed to 
let me come into his laboratory as a voluntary student assistant—the first one he had 
in Rush. And so on my first day in Rush, in September 1895, I began an association 
which has continued until this day and which will undoubtedly last as long as we 
are both alive. For men who have been associated with Hektoen do not usually 
give up the relation willingly. They don’t have to be with him constantly, or even 
often, but they do want to know that they can get in touch with him for his 
unfailingly sympathetic, wise and constructive advice on their problems, whether 
scientific, personal or professional. In the forty-two years of our relationship I 
have been to Hektoen innumerable times for aid or consolation, and never once have 
I failed to get the needed suggestion and encouragement, and always the advice 
has been wise, often with kindly salutary hints, so veiled as to carry the meaning 
without hurt. 

Whatever his title may have been, Hektoen really was professor of patholegy 
and bacteriology. The silent Dr. George Weaver conducted the laboratory work 
in bacteriology, a large job that first year, for the class of 1897 contained about 
three hundred men. This was because Rush was changing its course from three 
to four years, and there was a mad rush to get into the last three year class, 
which most decidedly swamped the school. Dr. Hektoen gave me a position as 
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laboratory assistant in bacteriology, since I had had enough of a course in this 
new subject to know how to inoculate a culture tube—but really I spent more time 
helping to prepare culture mediums and washing test tubes and Petri dishes for 
the noble three hundred of 1897. This class always boasted that it was the largest, 
toughest, noisiest and brightest class that ever entered Rush. When, years later, I 
was president of the alumni association and they reiterated this claim, I announced 
that they were entitled to a passing grade of 75 per cent on this statement, for on 
the first three items they were correct. Theoretically, there should have been no 
class of 1898 at Rush, for the men who entered in 1894 should have graduated in 
1897, while those entering the four year course in 1895 should have graduated in 
1899. Actually, there was a small group of men like myself, with a year of 
advanced standing for college work in the sciences, who started out as the class 
of 1898—probably the first medical school class except those at Johns Hopkins 
to consist almost entirely of college graduates. At first we were quite overwhelmed 
by the huge roistering mass of 1897, but in the next two years we received various 
additions of a motley lot of transferred dental and homeopathic school students, 
together with transfers from other medical schools and a few who could not keep 
up even the scholastic standards of the class of 1897, so that when we graduated 
there were about sixty. 

Besides George Weaver, doubling in bacteriology and pathology, there was 
E. R. LeCount, doubling in anatomy and pathology—a terrifying figure. Hektoen 
never reprimanded but conveyed his disapproval indirectly and without discouraging 
even the most timid. This I learned almost immediately. I had learned section 
preparation by the paraffin technic, and knew of no other. Hektoen gave me a set 
of tissues from an autopsy and told me to prepare sections of them. Then I 
learned that all such tissues were embedded in pyroxylin, and I received the 
necessary materials but no instructions. So I got the tissues embedded in pyroxylin, 
mounted them on blocks and put them in my desk, intending to cut the sections 
the next day. I was astounded when I took out the blocks to cut them to find the 
tissues shriveled nubbins, mostly shrunken away from the blocks. Finding one 
still attached to the block, I tried to section it, but the microtome knife grated 
away its edge on the granite-like tissue, and my heart sank as I realized my 
complete failure on my first assignment. But Hektoen merely explained what the 
trouble was, gave me another set of tissues and without a word of reproach or 
reprimand started me off again to learn the technic, perhaps better than I should 
have without the lessons of my failure. 

Small wonder that with this temperament and carrying on fascinating studies 
of postmortem and bacteriologic material, Hektoen inspired many of the best 
students to seek the opportunity to assist in autopsies (which LeCount correctly 
insisted should be called necropsies) and the other work in his laboratory. The 
spirit of Christian Fenger lived and grew in Ludvig Hektoen, and lucky were 
we who could risk infection of our gloveless hands in the necropsies he carried out 
in the Cook County Hospital, often in undertakers’ establishments (then not desig- 
nated as or resembling “parlors”’) and often in the homes of the deceased. With 
no technicians on the staff of the department, we cut the sections ourselves and 
worked up the cases, learning the necessity of keeping all things systematically 
recorded. And I take satisfaction in seeing how well some of the sections | 
prepared over forty years ago still look under the microscope. In the museum at 
the University of Chicago one of the best examples of color preservation by the 
Kaiserling method is in a specimen made by us students thirty-nine years ago 


and used for teaching purposes ever since. 
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In those cramped laboratories, reduced by providing living quarters for that 
genial bachelor Jimmy Harper, a lively group of youngsters assembled to get an 
idea of research ideals and methods, and grand times we had! Howard Ricketts 
and I, after finishing our internship in the Cook County Hospital, joined the 
group, he as “fellow in cutaneous pathology” to conduct his masterly studies in 
blastomycotic dermatitis and oidiomycosis and I as “fellow in pathology” to work 
first on Fourth of July tetanus and later on sundry other problems. With us were, 
among others, Martin Fischer, William B. Wherry, Rollin T. Woodyatt, Theodore 
Tieken, Noble Wiley Jones and “Artie” Dunn, and an active, disputatious but 


friendly group it was. 


From that time onward, the career of Ludvig Hektoen is a series of 
new appointments and new obligations. In 1895 be became pathologist 
of the Cook County Hospital; in December 1896, a member of the 
attending staff; in October 1898, a member and chairman of the Com- 
mittee on Examination of Embalmers for the Illinois State Board of 
Health. It is interesting to find on the back of this announcement a 
note which he must have been making in relation to some question of 
college policy, which reads: “It is the business of this college to educate 
scholars and investigators as well as passably fair doctors.” 

In 1895 he was made pathologist of the Presbyterian Hospital, and 
in 1901, professor of pathology and head of the department of pathology 
and bacteriology in the University of Chicago, with the understanding 
that two thirds of his time was to be spent in behalf of that institution. 
In November 1901 he became also pathologist of St. Luke’s Hospital. 

In 1899 the Board of Trustees of the American Medical Association 
examined a number of candidates for the position of editor of The 
Journal of the American Medical Association. Among other candidates 
appeared Ludvig Hektoen, Bayard Holmes, G. Frank Lydston and 
George H. Simmons. The last named, as history records, received the 
position, but the interest of Ludvig Hektoen in editing, publishing and 
writing has persisted throughout his career. 

Again in 1903 he had to make a momentous decision. At that time 
he was offered the position of professor of pathology in the University 
of Pennsylvania. There were many reasons why the position in the 
East should have attracted him. The medical school of this university 
was the oldest and best established in the United States, of worldwide 
significance and a leader in the field of education. He would have 
succeeded Dr. Simon Flexner, who had resigned to become director of 
the Rockefeller Institute for Medical Research and who urged him to 
accept the position. Others who did their utmost to persuade Dr. 
Hektoen to accept this appointment were William H. Welch and William 
Osler. Yet Hektoen declined the position, feeling a definite obligation 
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to newly developed institutions in Chicago. What might the future 
have yielded for Chicago, for the University of Pennsylvania and for 
Hektoen had he accepted this appointment ? 

Medical developments which had been occurring in Chicago included 
the establishment in 1902 of the John McCormick Institute for Infec- 


tious Diseases, of which Dr. Hektoen became director. This institution 
was founded by Harold F. McCormick and Edith Rockefeller McCor- 
mick in memory of their son, John Rockefeller McCormick, who had 


died of scarlet fever. From this institution eventually came the work 
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Necropsy, Cook County Hospital, 1888 


of Drs. George F. and Gladys Henry Dick, establishing the cause of 
scarlet fever, a cutaneous test for susceptibility, a method of immuni- 
zation and a specific antitoxin to be used in treatment. 

As time moved forward, other and greater honors came to Ludvig 
Hektoen. His work began to receive worldwide recognition. In 1912 
his colleagues and associates in Chicago presented to him an oil painting 
and a banquet, the latter freely interspersed with the following alcoholic 
liquors: cocktails, Amontillado sherry, Chateau Yquem and Ruinart vin 
brut. Notwithstanding this combination of stimulants, the addresses 


made on that occasion provided some factual data of importance for 
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this history. The biographic reminiscences were contributed by James 
B. Herrick, who had served with Hektoen as intern in the Cook County 
I lospital. 

During these years, Dr. Hektoen had been a leading spirit in an 
abortive attempt to found a pathologic section of the Chicago Academy 
of Medicine. He was interested in the growth and activities of the 
Chicago Pathologic Society. But his crowning honor, as emphasized 
by Dr. Herrick, was the part he played in stimulating medical research 
in Chicago. He was the first to devote himself prominently and persist- 
ently to pure medical science as a science. Young men interested in 
research gathered about him, and soon one heard much of Hektoen’s 
laboratory, Hektoen’s school and Hektoen’s men. 

The intervening years had seen him honored by a call for the 
Harvey Lecture in New York City, the Harrington Lecture in Buffalo, 
an honorary degree of Doctor of Medicine from the University of 
Christiania and the Herter Lecture in New York. In 1913 the Univer- 
sity of Michigan conferred on him the degree of Doctor of Science. In 
April 1915 he became chairman of the Committee on Scientific Research 
of the American Medical Association, associated with Dr. F. S. Novy, 
of Ann Arbor, and Dr. C. C. Bass, of New Orleans. As chairman of 
this committee, he has for many years aided in determining grants of 
funds for research carried out in various portions of the United States, 
leading in many instances to discoveries of the greatest importance. 

In 1916 he gave the Cutter Lecture in the Harvard University 
Medical School, and in 1916 also he received the honorary degree of 
Doctor of Science from the University of Wisconsin. Then came the 
presidency of the American Society for Experimental Pathology, a 
membership in the National Academy of Sciences and an invitation in 
1920 to deliver the Noble Wiley Jones Lectures in the University of 
Oregon. At the centennial celebration of the University of Cincinnati in 
1920, he was awarded the honorary degree of Doctor of Laws. 

In 1923 Dr. Frank Billings established the Ludvig Hektoen Fund 
in the Institute of Medicine of Chicago, in order to provide payment of 
an honorarium for a lecture each year. The first lecture to be given 
under that fund was one by Drs. George F. and Gladys Henry Dick on 
the subject of scarlet fever. It was Dr. Hektoen’s foresight that resulted 
in the association of the research laboratory in the John McCormick 
Institute for Infectious Diseases with clinical material in the Durand 
Hospital, and it was his inspiration from 1914 to 1923 that eventually 
led to these great discoveries. 

In 1924 he served as chairman of the Division of Medical Sciences 
of the National Research Council, and in the same year he was appointed 
consultant pathologist in the United States Public Health Service. In 
1926 he served again as chairman of the Division of Medical Sciences 
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of the National Research Council. In January 1929, he received dis- 
tinguished recognition from the Norwegian government, namely, deco- 
ration by the King of Norway with the Order of St. Olaf. In 1929 also 
he was chairman once more of the Division of Medical Sciences of the 
National Research Council. While engaged in this work in Washington 
in 1930 he contracted psittacosis. From the point of view of his character 
and habits he was the wrong man to be attacked by a disease called 
“parrot fever.” 

At the dedication of the Institute of Pathology at Western Reserve 
University, he was awarded the degree of Doctor of Laws honoris 
causa with the citation “pioneer pathologist of the ‘Middle Border,’ 
and identifier of hitherto unknown protein, foremost student of forensic 
medicine.” In 1932 he was made a member of the National Advisory 
Health Council of the United States Public Health Service for a term 
of five years. In 1933, he was made an honorary member of the Nor- 
wegian Medical Association. 

When the great depression came in 1929, the John McCormick 
Institute for Infectious Diseases began to find itself in financial diffi- 
culties. The Durand Hospital was closed, and patients with infectious 
diseases were no longer available for research. The subsequent death 
of Edith Rockefeller McCormick and the difficulties involving the estate 
made it fairly certain that the John McCormick Institute for Infectious 
Diseases would not receive sufficient funds to become permanently estab- 
lished. Dr. Hektoen, with increasing years, had retired as professor 
and head of the department of pathology in both Rush Medical College 
and the University of Chicago. He had for a while served as consultant 
of the laboratory service in the National Pathologic Laboratory, main- 
taining that organization on a high ethical plane of conduct. 

Now, as he passed 70 years of age, one might have considered him 
entitled to a period of retirement in which he could devote himself largely 
to golf, swimming and the reading of lighter literature—three avocations 
with which he had largely concerned himself for many years. Yet as he 
approached 75 years of age there came new demands as vital and signif- 
icant as any that had ever come before. From July 1936 to January 
1938 he was chairman of the National Research Council. Today he is 
found in the position of executive director of the National Advisory 
Cancer Council under the National Institute for Health, which is a part 
of the United States Public Health Service; at the same time, he is a 
member of the board of directors and of the advisory board of the Chi- 
cago Tumor Institute, an institution not for profit, devoted to the study, 
diagnosis and treatment of cancer. For a long time he has had the 
position of member of the board of directors of the American Society 
for the Control of Cancer, so that he comes to the new position equipped 
by years of association and experience in this field. 
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CONTRIBUTIONS TO MEDICAL RESEARCH 

The bibliography of the writings of Ludvig Hektoen which is 
appended to this article indicates the many phases of scientific medicine 
which have concerned him since 1888. His early interest in pathology 
is reflected in the numerous descriptions of pathologic conditions which 
constitute his chief contribution to medical literature until 1897. Here 
and there is interspersed a philosophic essay on the development of 
medicine. Then other essays on pathology began to be interspersed 
with essays dealing particularly with bacteriology and with the fungi, 
such as those of blastomycosis, actinomycosis and sporotrichosis, much 
of the fundamental work in this field centering in the city of Chicago. 

In 1900 he began to be called frequently as expert witness in legal 
cases involving human pathology. Many of his papers reflect this 
activity. By 1905 and 1906 he had begun his studies on scarlet fever 
as part of the work of the John McCormick Institute for Infectious 
Diseases, and he had also undertaken the studies dealing with isoag- 
glutination and the identification of blood groups that are so important 
in blood transfusion. In the latter field his contributions are original 
and fundamental. From 1908 onward he concerned himself particularly 
with antibodies, the opsonins, the agglutinins and the precipitins, and 
with such fundamental problems as the mechanism of their production 
and the specificity of their action. 

During all of this time he maintained a personal interest in medical 
history and in those problems of social organization which involve 
medical knowledge. The published bibliography includes almost 300 
references but fails to include great numbers of editorial contributions, 
book reviews, published letters, official reports and miscellaneous writ- 
ings, which have greatly occupied his time for more than two scores 
of years. 

It fails also to include many of his contributions to books, as well as 
his editorial work on appointments from time to time as editor of 
collections of writings of others. For instance, in 1913 he edited the 
collected works of Christian Fenger, a task which was not only a 
contribution to medical science but also, for him, a labor of love. Also 
a labor of sentiment and profound feeling was the editing of “Contribu- 
tions to Medical Science” by Howard Taylor Ricketts, martyr to the 
advance in knowledge of typhus. 


HIS LITERARY STYLE 
In many instances men who have been trained in foreign languages 
previous to taking up English develop a simplicity and an economy of 
diction which give to their English writing stvle a directness that is 
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ideal for scientific medical literature. This Dr. Hektoen possesses to a 
superlative degree. No doubt, early recognition by his associates of 
his ability in this direction made him the ideal candidate for several 
editorial positions in the field of medical literature. He has been editor 
of the Journal of Infectious Diseases since it was first established in 
1904. He has been editor of the ARCHIVES OF PATHOLOGY since it was 
first established in 1925. He has also edited the Proceedings of the 
Institute of Medicine of Chicago, and at various times he has been asso- 
ciated with the editing of the Transactions of the Chicago Pathological 
Society. 

In the preparation of his essays he carefully compiles notes, which 
are kept in a loose leaf book. These notes are marvels of concentration. 
This ability to extract the meat from obese scientific discourses has 
been passed on from time to time to various of the young men who 
have been associated with him in his work. They have developed this 
skill only because of the hours of his own time that Dr. Hektoen has 
spent in carefully going over their literary contributions line by line, 
with each of them. He is such a stickler for economy in diction and in 
printing that he includes among his pet abominations wastage of large 
amounts of white space in margins, in titles and in other ways in both 
periodicals and books. For years he has campaigned against the use of 
long roman numerals when simple arabic numbers suffice. He has spent 
many hours of his time in eliminating needless illustrations from period- 
icals when a few actually instructive illustrations teach the important 
lesson. He has campaigned against needless “al” endings on adjectives 
and against fine or fancy diction. Generations to come will be saved 
thousands of hours of needless reading and study not only because of 
what he has done in this regard but because of the great numbers of 
editors and authors in this country who have come under his influence 


HIS CHARACTER 


To those who know Dr. Hektoen intimately, he is the apotheosis of 
innumerable excellent qualities and characteristics. It would be easy 
to eulogize him in panegyric language, but he himself would be distinctly 
averse to such a performance. Many young men who came to him as 
representatives of the underprivileged third of the medical classes found 
him sympathetic and invariably helpful. Economical in his own finances 
and in his scale of living, he nevertheless was more than openhanded to 
all those who required his assistance. This generosity of time and 
materials and this inclination toward leadership of the young are, no 
doubt, the most important of all his personal characteristics. He is the 
possessor of a calm gentility. I have known him personally for twenty- 
eight years and can remember only two instances in which he displayed 
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sufficient anger to bring about a slight raising of his voice. No doubt, 
there have been occasions when he has indulged in the same kind of 
emotional upset that affects others, but that is with him extraordinary 
and never the rule. 

He has withstood a buffeting in his personal life and ambitions 
such as has been the lot of but few men—a tragedy in the death of his 
daughter and her children and a financial debacle which resulted in 
the breaking up of the John McCormick Institute for Infectious Diseases 
and the Durand Hospital. Yet these created in him no permanent 
bitterness, cynicism or self pity. He met these tribulations with courage 
and with increased labor in his chosen fields. 

Each of the students of Dr. Hektoen who contributed to this volume, 
and whose names follow, was asked to write a brief comment on Dr. 
Hektoen. The result was a series of eulogistic remarks, impossible to 
print, but indicating the great impression of this teacher on those who 
followed him. 

His sense of humor has been unfailing. His practical jokes are 
invariably kindly and sometimes marked by heights which have made 
them historic. The occasion when the bull on the billboard across from 
the Cook County Hospital suffered transmutation of its sex over night, 
the instance in which the organ grinder played before the tightly closed 
door of the laboratory of Dr. E. R. LeCount until bribed to depart, the 
time when Dr. Walter S. Haines was inexpressibly shocked by a gift 
of a volume dating back to the Elizabethan period with all of the 
bluntness of Elizabethan English—these have been recalled again and 
again when former assistants and students of Dr. Hektoen have chanced 
to meet. The students mention particularly his self criticism and objec- 
tivity, his kindness, his respect for history and tradition, his indefati-, 
gable industry, his simplicity and approachability, his originality, 
enthusiasm and resourcefulness, his inexhaustible patience, his flashes 
of humorous irony, his inspiration, his wisdom, his openmindedness, his 
insight, his loyalty and his friendship. Again and again his students 
thank him for teaching them incisive expression, orderly thinking, self 
criticism, leadership and cooperation. These characteristics he possesses 
with a consistency that reveals few lapses. I have never seen him 
manifest pride except after sinking an unusually long putt. I have never 
seen him inconsistent except in the difference between his golf drive 
when practicing and the motions that he uses when he actually hits the 
ball. These are sins that may well be pardoned. 


IN CONCLUSION 
In all his writings, Dr. Ludvig Hektoen has been a stickler for a 
well prepared summary and conclusion at the end of every scientific 
contribution. Many of the great with whom, in his time, he walked are 
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no longer with us. Were they among the living, this volume might well 
have contained contributions from Drs. Frank Billings, Geerge H. 
Simmons, E. R. LeCount, Walter S. Haines, Joseph L. Miller, Christian 
Fenger and many other great contributors to the science of medicine 
with whom he worked as a colleague, but whom he equally inspired 
and stimulated to great performances. Were they still among the 
living, all would have eulogized him far beyond even the eulogies of 
his work which from time to time they have placed in print. 

Dr. Hektoen was for many years typical of the advance of medical 
science in the Middle West. He sought little recognition beyond the 
city and state where he made his home. Yet such recognition has come 
to him increasingly with the years. This seventy-fifth anniversary of his 
birth finds him at the peak of a great career with all to admire, to 
cherish his friendship, to applaud his progress and to wish him increasing 
years untroubled by the vicissitudes of modern existence. 
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GIANT CELLS IN CYSTITIS 


H. GIDEON WELLS, M.D. 


CHICAGO 


In routine examination of necropsy material I have been impressed 
by the frequency with which multinucleated cells are seen in the mucosa 
of urinary bladders exhibiting various forms of cystitis. Sometimes 
they are so numerous as to form a striking feature and almost warrant 
the designation of the condition as “giant cell cystitis.” More often they 
are scanty but nevertheless characteristic of cystitis, for similar multi- 
nucleated cells are much less likely to be encountered as abundantly in 
inflamed mucous membranes from other parts of the body. Since a 
search through the literature indicates that this frequency of giant cells 
as a common feature of cystitis seems not to have been discussed, a study 
of the matter has been made. 

The only definite reference to giant cells as a feature of ordinary 
cystitis found was in the section on diseases of the urinary bladder by 
Putschar ' in the Henke-Lubarsch Handbuch. In this he described well 
the histologic changes of cystitis. He mentioned among other features 
of cystitis the striking proliferation of fixed cells “which become very 
rich in cytoplasm, present long processes and a large pale oval vesicular 
nucleus.” Specifically he also said (p. 361): “In three cases of chronic 
cystitis I could demonstrate that symplastic structures developed from 
large mesenchymal cells and lay in the loose connective structures of 
the mucosa and submucosa—these can be designated as giant cells.’ He 
described them as containing in section 3 or 4 up to 15 nuclei, centrally 
located, very regular in structure, oval, pale staining, with a fine chro- 
matin structure. Photographs of such cells are shown. He further said, 
“The giant cells differ from the usual connective tissue cells only through 
the size of the plasma body and the number of nuclei.” “In the litera- 
ture I have not found these giant cells described except for the special 
case of cystitis emphysematosa.” “Probably these mesenchymal cells 
are not uncommon in cystitis, but apparently they have not been hitherto 
given consideration.” 


From the Otho S. A. Sprague Memorial Institute and the Department of 
Pathology, University of Chicago. 

1. Putschar, in Henke, F., and Lubarsch, O.: Handbuch der speziellen 
pathologischen Anatomie und Histologie, Berlin, Julius Springer, 1934, vol. 6, 
pt. 2, p. 348. 
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As to giant cells in cystitis emphysematosa, Putschar said (p. 373), 
“In a series of cases giant cells have been found in the vicinity of the 
gas vesicles [he cited five authors] although they are missing in most 
cases.” “In some cases [especially one of Schénberg’s] the giant cells 
are so numerous and show the appearance of foreign body giant cells, 
so that one can scarcely doubt that their presence depends on the gas 
bubbles.” 

In presenting his studies on cystitis emphysematosa, Mills * said, 
“Mention has been made in previous reports, both by me and by others, 
of the occurrence of giant cells in the deeper submucous tissues.” 

In order to ascertain the frequency of giant cells in cystitis, sections 
were examined from a routine necropsy collection, in all cases in which 
a diagnosis of cystitis, of whatever character except tuberculous, had 
been entered in the anatomic diagnosis and a section of the bladder 
preserved. In all, 133 cases were studied, most of them by examination 
of a single section, and it was found that in 43 cases, or 32 per cent, even 
a single section was enough to exhibit the presence of at least a few 
giant cells. Presumably if more sections, representing different parts, 
had been taken from each bladder, more areas containing noteworthy 
numbers of giant cells would have been found. To indicate roughly the 
frequency of multinucleated cells in these unselected single sections from 
cases of cystitis, it may be stated that the giant cells in 17 sections were 


“ 


recorded as “numerous” and that in 8 sections “several” were seen, and 
in 18, only a few. When but 1 or 2 small multinucleated cells were found 
in a slide, the case was not included, for such a number may be found 
in almost any inflammatory condition. 

While giant cells were found in all types of cystitis, at all ages and 
from varied causes, they seemed to be most often numerous in those 
cases in which an acute inflammatory process, with ulceration and edema, 
had been superimposed on chronic cystitis, e. g., in cases of hypertrophied 
prostate with infection after resection or catheterization or in acutely 
infected cases of cord bladder. In a typical case of cystitis cystica accom- 
panying carcinoma of the prostate an exceptional number of giant cells 
was exhibited despite the absence of edema. 

The giant cells were of three types. The most often found were 
giant cells like those pictured by Putschar, with from 3 to 15 nuclei 
in a section of a single cell mass. These nuclei were oval or elongated 
(fig. 1). Often they were arranged about a center as if they had been 
formed by proliferation of the lining cells of a vessel. This conception 
was borne out by the fact that very often small groups of similar appear- 
ing nuclei were strung out in a space in the tissue, as if the cells of 
the lining endothelium had become swollen and were starting to fuse 


2. Mills, R. G.: Surg., Gynec. & Obst. 51:545, 1930. 
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as the first step in the formation of a multinucleated cell. Also, many 

small vessels definitely showed swelling and piling up of the lining cells, 
/ formations which bore a distinct resemblance to the typical syncytial 
| giant cells. These stages and appearances correspond to what Mills 
described in cystitis emphysematosa, for he said: 


: They are probably cells of the reticulo-endothelial system, possibly endothelial 
| cells from tissue spaces that have been so injured that their nuclei have grouped 








Fig. 1—Type of nuclear accumulation in tissue spaces, apparently formed by 


fusion of endothelial cells; x 450. From an area of chronic cystitis in a case of 
brain tumor. 





by cohesion into small aggregations. No evidence of mitotic division was seen in 
any of these cells to account for the apparent multiplication of the nuclei. How- 
ever, there was regional reaction of the tissues to the same stimulus, for practically 
all the giant cells were arranged with their long axis in a common direction. These 
cells were more common in the deeper layers of tissue, just internal to the layers 
of muscle, than they were closer to the lumen. 
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My observations agree exactly with Mills’. In view of the evident 
piling up of nuclei the absence of mitotic figures is surprising. This type 
of giant cell, which may be designated provisionally as the “endothelial 
type,” is characteristic of the more chronic forms of cystitis and rarely, 
if ever, shows any evidence of phagocytic activity. Occasionally the 
cytoplasm is vacuolated, crumbling or flaky, but whether from degenera- 





Fig. 2——Type of actively phagocytic multinucleated cells formed by fusion of 
histiocytes; X 675. From an area of cystitis resulting from vesicovaginal fistula. 


tion of the cytoplasm or from the presence of residues of phagocytosed 
material cannot be said. 

Another type of giant cell is often seen when the cystitis is more 
acute, with edema. This type is often a large cytoplasmic mass with 
fewer, paler nuclei than the other type. It is often actively phagocytic 
and seems to be formed by fusion of large mononuclear wandering cells 
(fig. 2). Not infrequently both types are seen, especially when an acute 
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exacerbation of chronic cystitis has occurred. In such cases the giant 
cells of the “endothelial” type are chiefly in the deeper layers near the 
muscularis, as Mills found them, while those of the second, or “histio- 
cytic,” type are mostly in the edematous submucosa. 

A third type of giant cell, a large mass resembling the typical tuber- 
culous or foreign body giant cell, has been found only occasionally, 
usually in chronic cystitis with ulceration (fig. 3). 

It is especially to be noted that giant cell formation is not usually 
marked unless there has been loss of the surface epithelium for some 


* om, 








Fig. 3.—Giant cells resembling those seen in tuberculosis; «650. From an 
area of cystitis emphysematosa. 


time and that when there are focal ulcerations the giant cells are found 
mostly beneath these lesions (figs. 4+ and 5). These observations suggest 
that an important factor in causing the tissue cells to swell, fuse and 
form giant cells is the urine permeating the submucous tissues. This may 
explain why giant cell formation is seen particularly in the urinary tract 
—alike in the bladder, ureters and renal pelvis 
degree in other mucous membranes. Unfortunately the available records 
do not permit determination of whether alkalinization of the urine is an 
essential factor in the formation of giant cells. 


and not to a similar 
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MALAKOPLAKIA 
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By far the most spectacular histologic picture of giant cell formation 
in the urinary passages is presented by the condition described in 1901 
by Hansemann under the name of malakoplakia (soft plaques). This 
condition, at least in its full-fledged typical gross and microscopic picture, 
is apparently rare, for in 1929 Redewill * could find but 44 cases recorded 





Fig. 4.—Profusion of giant cells beneath an ulcerated area in a case of acute 
membranous cystitis; x 225. These are mostly of histiocytic type, and many con- 
tain phagocytosed material. 





in the literature, and the Quarterly Cumulative Index Medicus reveals 
few more recorded since that date. In America, cases have been reported 
by Redewill, Pappenheimer * and Folsom. There was no full-fledged 


3. Redewill, F. H.: J. A. M. A. 92:532, 1929. 
4. Pappenheimer, A. M.: Proc. New York Path. Soc. 6:65, 1906. 
5. Folsom, A. I.: J. A. M. A. 73:1112, 1919. 
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| example among the cases of cystitis examined in this laboratory, 
although in certain cases the lesions resembled malakoplakia in some 
respects. 

Practically, malakoplakia is “cystitis chronica in plaques,” the name 
! preferred by Landsteiner and Stoerck,® occurring chiefly in women no 
} 

} 





longer young, usually with a history of chronic cystitis, remarkable 
chiefly for its chronicity and its striking and unique histologic appear- 











Fig. 5.—Profusion of different types of giant cells in an area of mucosal hemor- 
rhage in acute cystitis from catheterization for prostatic carcinoma; x 225. 


ance. As Oppermann‘ said, malakoplakia is chronic cystitis character- 
ized by circumscribed raised plaques infiltrated with macrophages and 
other cells and by a tendency toward formation of lymphocytic follicles 
in the deeper areas. Plasma cells are also often abundant. While in 





6. Landsteiner, K., and Stoerck, O.: Beitr. z. path. Anat. u. z. allg. Path. 
37:131, 1904. 


t 7. Oppermann, E.: Ztschr. f. Urol. 18:164, 1924. 
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typical cases “Michaelis-Gutmann bodies” are present, chronic cystitis 
in plaques grossly and clinically typical has been observed with few 
or none of these inclusions. This was true of one of Pappenheimer’s 
2 cases. 

Sections of the lesions present a remarkable collection of huge cells, 
sometimes multinucleated, which in typical cases contain many inclusions 
of various sorts, of which the most striking are concentric round and 
oval bodies, commonly referred to as Michaelis-Gutmann * bodies after 
these authors, who first described them as parasites. The structure of 
these bodies is well shown in the colored plate in the article by McDonald 
and Sewell,? who gave an excellent detailed description of them. To 
be particularly noted are the following properties: They have a strong 
affinity for hematoxylin, because of their calcific nature. When treated 
with acid they liberate carbon dioxide, and their staining with silver 
nitrate by von Kossa’s method demonstrates the presence of phosphates 
(not of calcium as is erroneously assumed). While sometimes homo- 
geneous, many show concentric laminations as seen in corpora amylacea, 
brain sand and other concretions. They are found both inside and 
between the cells. They give reactions of iron in varying amounts. In 
other words, one finds here minute concretions such as may be readily 
formed in the presence of calcium salts and disintegrated red cells in 
a protein-containing fluid menstruum. Of course, other cell inclusions, 
such as red cells, nuclear fragments and bacteria, are also found in the 
phagocytic cells. 

At first the nature of the large cells and of the inclusions was the 
subject of discussion, some thinking the cells to be neoplastic and 
the inclusions parasites.’° It is now agreed that they represent mesen- 
chymal phagocytic cells, presumably the polyblasts of Maximow, of a 
size and appearance not seen in other conditions. Gierke '' was the first 
to point out that these cells are seen in lesions in which the epithelial 
covering is lost, thus presumably permitting urine to infiltrate the under- 
lying tissues. He indicated that the big cells are not specific for malako- 
plakia, saying that he had seen similar cells under a diphtheritic 
membrane in the wall of the bladder. His suggestion that infected urine 
in cystitis infiltrating the submucosa of the bladder is responsible for the 
characteristic lesions has been followed up (Minelli,?* Ramcke,!* Oes- 


8. Michaelis and Gutmann: Ztschr. f. klin. Med. 47:208, 1902. 

9. McDonald, S., and Sewell, W. T.: J. Path. & Bact. 18:306, 1913-1914. 
10. Putschar,! p. 373. 

11. Gierke, E.: Miinchen. med. Wehnschr. 52:1388, 1905. 

12. Minelli, S.: Virchows Arch. f. path. Anat. 184:157, 1906. 

. Ramcke, R.: Ztschr. f. Urol. 15:92, 1921. 
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treich,’* Kairis,‘> Heilmann **), and this infiltration now seems to be 
established as an essential feature. Thus, Hart '* analyzes his observa- 
tions as follows: 








I have the following impression of the entire process. The urine, infiltrating E 

the smail epithelial defects, leads to proliferation of the wandering cells. It seems 
a to depend predominantly on a chemical stimulation. . . . The imbibition of j 
urine by the proliferated cells leads to swelling and the separating out of remark- 3 


able inclusions which contain organic constituents and calcium salts and take on 
| | iron from the disintegrated red cells. 


afsoke 








A decided advance was made by Loele,'* who showed that if urine, 
bouillon, blood and colon bacilli are incubated together, aggregations 
similar to the Michaelis-Gutmann bodies form in the bottom of the flask. 
4 When it is recognized that lesions characteristic of malakoplakia are : 
t found in all parts of the urinary tract and nowhere else in the body, 
i the explanation of these lesions seems to be clear. It appears to be 
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simply that occasionally loss of vesical epithelium permits infiltration or ; 
diffusion of infected, usually alkaline urine, into the vesical submucosa 
and that this affords ideal conditions for the formation of calcospherites. 
That the Michaelis-Gutmann bodies correspond to calcospherites seems 
to have been overlooked. In 1925 I ?* wrote: 
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Calcospherites are small calcareous bodies, usually of concentric structure, 
which were first described by Rainey (1857). They appear to occur widely dis- 
tributed in normal tissues, both animal and plant, and seem to be the result of the 
formation of insoluble calcium salts in the presence of colloidal substances, just 
as urinary and other concretions are formed about an organic nucleus. If calcium 
chloride and soluble carbonates are allowed to combine very slowly to form calcium / 
carbonate in a solution of egg-albumen, these or indistinguishable bodies are formed, i 
which on being dissolved are found to possess an organic stroma that exhibits a 
| marked affinity for any pigmentary substance that may be present. Apparently, 
' when the proper concentration exists, the salts in crystallizing hold between the 
crystals the albuminous substances by which they are surrounded. Dastre and 
Morat believe that the substratum is lecithin which others have found occupying a 
i similar place in prostatic concretions. 





1 It may be seen that an ulcerated inflammatory lesion in the urinary 
tract offers ideal conditions for the formation of calcospherites in the 
tissues, and the properties and composition of the bodies found are just 
what would be expected of calcospherites* formed in such a milieu as 








14. Oestreich, R.: Beitr. z. path. Anat. u. z. allg. Path. 70:342, 1922. 

15. Kairis, Z.: Virchows Arch. f. path. Anat. 266:788, 1928. 

16. Heilmann, P.: Beitr. z. path. Anat. u. z. allg. Path. 75:216, 1926. 

17. Hart, K.: Ztschr. f. Krebsforsch. 4:380, 1906. 

18. Loele, W.: Beitr. z. path. Anat. u. z. allg. Path. 48:205, 1910. 

19. Wells, H. G.: Chemical Pathology, ed. 5, Philadelphia, W. B. Saunders 
Company, 1925, p. 489. 
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might be furnished by the slow diffusion of cystitic urine into the edema- 
tous, inflamed vesical mucosa. The presence of such calcospherites in 
malakoplakia readily accounts for the giant phagocytic cells and the 
persistence of the lesions, oftentimes for many years. 

In but 3 of the cases of cystitis studied in this series were calco- 
spherites found in the vesical submucosa, and in these cases there were 
but one or two in a section, whereas in malakoplakia they may be present 
in vast numbers, although it is to be noted that they are not always 
present in otherwise typical cases. One of the solitary calcospherites 
found in this series of cases of cystitis was in a large multinucleated 
giant cell of foreign body type. 


CYSTITIS EMPHYSEMATOSA 
The occurrence of giant cells in this form of cystitis does not seem 
to be characteristic, as they are often found in other types of cystitis, 
yet it might be presumed that they are especially often conspicuous in 
cystitis emphysematosa since, as stated previously, this is the only form 
of cystitis in which they have been particularly noted in the literature. 
In some of the cases they have been found in such a relation to the cysts 
as to be considered evidence that these cysts were antemortem forma- 
tions and presumably of a considerable duration. This seemed to be 
true in 1 of the 7 cases of cystitis emphysematosa in this series (fig. 3). 
However, Mills * found the giant cells less closely associated with the 
gas vesicles than the foregoing statements suggest. He said: 


These [giant cells] were absent in the walls of the vesicles, but appeared in 
the tissues a little farther away. They were aggregations of nuclei, numbering 
from two to perhaps seven, although the latter number was exceptional. Three 
or four were more commonly seen. They were scattered through the tissues where 
one would expect the presence of slight but definite compression. They have not 
been shown to be connected with the lymphatic system, but rather with the fixed 
cells of the reticulo-endothelial system. The apparent increase in nuclei would 
suggest active multiplication, but mitotic figures have not been seen. Groups of 
cells of this kind have not been observed in the walls of structures definitely 
identified as lymphatic vessels. The most common site in which they occurred was 
in the edge of a bit of cytoplasmic material immediately adjacent to an open streak, 
believed to represent a tissue space. It was not determined that they formed an 
actual lining to this space, but rather that they were present in the wall. The nuclei 
of the giant cells stained a little more deeply than did those which occurred singly. 
This hyperchromatism appeared to be due to small ‘clumps of chromatin scattered 
about the nucleus in an irregular manner, and was interpreted as a degenerative 
phenomenon. Cells with a single nucleus were paler, and the chromatin was 
distributed in much finer granules. The cytoplasm showed no definite evidence of 
impending dissolution. The directional arrangement of the giant cells in a given 
area was a noticeable feature. In some instances the long axis of practically all 
of the cells was in the same direction, and parallel to the surface of the mucosa. 
This corresponds with the direction taken by the tissue spaces, and in general with 
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that taken by the lymphatics. It does not inform us which structure is involved, 
but rather indicates that the whole region was subjected to the same deleterious 
influence, probably that of pressure, possibly a low grade of inflammatory change. 


In the present 133 cases of cystitis there were no less than 7 cases 
of typical cystitis emphysematosa, which are reported in another paper.?° 
In the main the findings in these cases agree entirely with the statement 
of Mills. However, these cases do not support the view that giant cell 
formation is particularly marked in, or characteristic of, the emphysem- 
atous type of cystitis. In 3 of the 7 cases no giant cells were found 
in a single section or in several sections, and in only 1 of the other cases 
were they more numerous than often seen in other forms of cystitis. 
In other words, cystitis and not emphysema is ordinarily the factor in 
determining the presence of giant cells.2* However, since giant cells 
have been described by Wright *! as forming in experimental emphysema 
when the gas remains long in contact with the tissue, it is to be expected 
that in unusually protracted cases of cystitis emphysematosa, if such 
occur, foreign body giant cells will form in the walls of the vesicles. 

From all the evidence it seems that the most important factor in 
producing giant cells in the mucosa of the urinary tract is loss of the 
surface epithelium with infiltration of the submucosa by urine. Pre- 
sumably the py of the urine largely determines how much swelling and 
fusion of the mobile tissue cells will be produced. The most marked 
production of giant cells may be expected to occur when there are pre- 
cipitated from the urine materials calling for phagocytosis, the most 
extreme condition being exemplified by malakoplakia with the formation 
of calcospherites in the tissue. 


SUMMARY 


Giant cells are frequently found in considerable numbers in the 
mucosa of urinary bladders exhibiting cystitis. This frequency does 
not seem to have been pointed out previously, except in discussions of 
cystitis emphysematosa and malakoplakia vesicae. In a study of 133 
cases of cystitis found in routine postmortem examinations, giant cells 
were found in varying abundance in 43, or 32 per cent, and in 17 cases 
they were recorded as conspicuous. They are most usually found in 
cases of acute cystitis superimposed on chronic cystitis, e. g., in cases 
of prostatic obstruction or in cases of cord bladder with acute infection 
from catheterization or operation. Most often the giant cells present 
but from 3 to 10 nuclei and seem derived from cells lining spaces in the 
tissue, but some seem to be derived by fusion of wandering macro- 


20. Wells, H. G.: Report of Seven Cases of Cystitis Emphysematosa, J. Urol., 
to be published. 
21. Wright, A. W.: Am. J. Path. 6:87, 1930. 
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phages. Rarely do they present the features of typical foreign body 
giant cells. Since they are found chiefly beneath ulcerated surfaces, it 
is probable that urine infiltrating the tissue is an important factor in 
their production. Presumably the features of malakoplakia vesicae 
depend on infiltration of the tissue by urine in a proper chemical condi- 
tion to form calcospherites in the protein menstruum of the inflamed 
wall of the bladder. Cystitis emphysematosa did not seem, in 7 cases 
studied, to exhibit any greater tendency toward the accumulation of 


giant cells than cystitis without emphysema. 
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MODE OF ORIGIN OF EXPERIMENTAL GASTRIC 
ULCER INDUCED BY CINCHOPHEN 


J. P. SIMONDS, M.D. 
CHICAGO 


Any extensive review of the literature on experimental peptic ulcer 
reveals several significant facts: 1. Acute and chronic ulcer of the 
stomach or of the duodenum have been successfully produced in many 
species of animals—rats, guinea pigs, rabbits, cats, dogs and monkeys. 
Species differences in anatomic structure, dietary habits, functional 
activity and susceptibility to various procedures render it difficult to 
evaluate and compare results obtained by different investigators work- 
ing with different methods or with the same method on different animals. 
2. The number of methods by which ulcerative lesions of the gastric 
mucosa have been produced is amazing. These methods include: 
(a) operative derangement of the normal anatomic and _ functional 
relations of the stomach and duodenum; () application of numerous 
physical and chemical agents; (c) artificial induction of circulatory dis- 
turbances; (d) artificial induction of nutritional and metabolic dis- 
turbances, including those caused by depletion of hormones and vitamins, 
and (e) infections. 3. It has been observed that the gastric and duo- 
denal mucosa has a remarkable capacity of repairing acute ulcerative 
lesions and that great difficulty is encountered in producing chronic 
ulcers in every species of animal used in the study of this problem. 
4. The results obtained by different investigators employing essentially 
the same methods often show noteworthy discrepancy. 5. Some con- 
fusion has resulted from the failure of many observers to differentiate 
two types of initial ulcerative lesions in the gastric and duodenal 
mucosa: (@) primary necrosis with subsequent inflammatory reaction 
and (b) a primary inflammatory lesion with secondary necrosis. 
6. Many experiments have not been properly controlled, especially by 
adequate microscopic study of the lesions produced. 7. Some of the 
methods used suggest that more than one factor may have been con- 
cerned in producing the results observed. 

The chief conclusions warranted by such a review of the literature 
are: (1) that in most animals the gastric mucosa is a very sensitive 


structure which is easily injured by a great variety of unrelated agents 


From the Department of Pathology, Northwestern University Medical School. 
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and (2) that chronic ulcers probably result from acute lesions as a con- 
sequence of (a) general nutritional or metabolic disturbances, (b) local 
functional derangements, (c) continued action of the causative agent 
or (d) mechanical factors determined by the anatomic location of the 
acute lesion. 

Van Wagoner and Churchill,’ working in this laboratory, discovered 
that “old” cinchophen given by mouth in doses of 220 mg. per kilogram 
per day produces typical deep extensive peptic ulcers in almost 100 per 
cent of dogs within ten days. (It should be noted that a whiter type of 
cinchophen purchased within the past year has not produced ulcers.) 
This observation has been confirmed by numerous investigators.* 
Cinchopen induced ulcers not only when given by mouth but also 
when administered by other means; for example, by injection into a 
loop of intestine anchored beneath the skin of the abdominal wall 
(Churchill and Manshardt*), injection into an intestinal fistula and 
into the rectum (Stalker, Bollman and Mann **) and subcutaneously 
and intravenously (Hanke*; Stalker, Bollman and Mann*#). This 
method of producing experimental peptic ulcer has several obvious 
advantages, the chief of which are that it does not involve radical dis- 
turbance of anatornic and functional relations and that the lesions pro- 
duced resemble in all essential respects spontaneous gastric ulcers 
in man. 

Although the feeding of “old” cinchophen caused typical peptic 
ulcers of the stomach and duodenum in dogs, the mechanism by which 
it produced these lesions has not been determined. In an effort to dis- 
cover this mechanism, I have reexamined the sections of the stomachs 
of dogs used by Van Wagoner and Churchill,’ Churchill and Mans- 
hardt * and Simonds and Robertson,* as well as sections from cats used 
by Schwartz and Simonds.*° This material included lesions in some fifty 
animals to which cinchophen had been administered for periods varying 
from twenty-four hours to more than three weeks. The lesions observed 
in these sections had as a common characteristic acute gastritis, usually 


1. Van Wagoner, F. H., and Churchill, T. P.: Arch. Path. 14:860, 1932. 

2. A few of them are: (a) Reid, P. E., and Ivy, A. C.: Proc. Soc. Exper. 
siol. & Med. 34:142, 1936. (b) Barbour, H. G., and Fisk, M. R.: J. Pharmacol. 
& Exper. Therap. 48:341, 1933. (c) Shogi, A.: Tr. Jap. Path. Soc. 28:520, 
1933. (d) Stalker, L. K.; Bollman, J. L., and Mann, F. C.: Arch. Surg. 35:290, 
1937. 

3. Churchill, T. P., and Manshardt, D. O.: Proc. Soc. Exper. Biol. & Med. 
30:825, 1933. 

4. Hanke, H.: Beitr. z. path. Anat. u. z. allg. Path. 94:313, 1934. 

5. Simonds, J. P., and Robertson, W. R.: To be published. 

6. Schwartz, S. O., and Simonds, J. P.: Proc. Soc. Exper. Biol. & Med. 
$2:1133, 1935. 
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focal, and appeared in the following forms: (1) edema of a single, 
or of several adjacent, villi; (2) diffuse infiltration of the villi or of 
the whole mucosa with plasma cells and lymphocytes; (3) superficial 
erosions, sometimes involving a single villus; (4) focal accumulations 
of polymorphonuclear leukocytes in the villi, in the midzone of the 
mucosa or just above the muscularis mucosae and often accompanied 
by liquefactive necrosis; (5) narrow, fistula-like channels extending 
from a mass of polymorphonuclear leukocytes at the muscularis mucosae 
to the surface, and (6) large deep ulcers, some of which perforated. 
These lesions were limited almost entirely to the region of the pylorus 
or to the first part of the duodenum and were only rarely found else- 
where in the stomach. 

The aforementioned six types of lesions may be described briefly 
as follows: 


1. Edematous villi are swollen and club shaped; their covering epi- 
thelium is intact; the connective tissue cells are separated by thin, 
almost invisible coagulated material, which contains only an occasional 
polymorphonuclear leukocyte or lymphocyte. The gland ducts between 
such villi are narrowed. 

2. The gastric mucosa of the dog normally contains many lympho- 
cytes. In the mucosa of the stomach of the dog to which “old” cin- 
chophen has been administered for a period of three days or more, the 
interstitial tissue of many villi is crowded with plasma cells, which are 
also present in considerable numbers between the glands in the deepest 
part of the mucosa. 

3. The smallest ulcers observed involve the tops of single villi. In 
such an ulcer the stroma of the villus is infiltrated with polymorphonu- 
clear leukocytes, the epithelium of the top of the villus is absent, and 
at the margins of the ulcer the ends of the adjacent epithelial layer bend 
toward the lumen of the stomach as if they had been pushed upward 
by pressure from below. From the floor of the tiny ulcer a wavy wisp 
of exudate projects into the lumen. This wisp of exudate issuing from 
the top of a villus has been aptly compared by Konjetzny,’ who observed 
similar lesions in human stomachs, to smoke coming from a chimney. 


4. Focal accumulations of polymorphoguclear leukocytes were pres- 
ent in the gastric and duodenal mucosa of most of the dogs to which 
cinchophen had been fed. These lesions may occur at any level in the 
mucosa from the villi to the muscularis mucosae. When a lesion is 
found in a villus, it is frequently associated with a tiny ulcer such as 
that described in the preceding paragraph. In the deeper layers of the 
mucosa the lesions were observed in different stages, from simple accu- 


7. Konjetzny, G. E.: Ergebn. d. inn. Med. u. Kinderh. 37:184, 1930. 
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mulations of leukocytes accompanied by edema of the involved focus to 
frank abscesses with complete liquefactive necrosis of the gastric or 
duodenal glands within the region involved. 

5. Van Wagoner and Churchill’ described small deep fistula-like 
ulcers, and their original paper contains a photomicrograph of such a 
lesion. The narrowness of these ulcers is due in part to the leaning 
inward of the mucosa forming their walls, and in part, perhaps, to the 
contraction of the muscularis mucosae which forms their floors. <A 
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A wisp of exudate projecting through a small break in the surface epithelium 
of the gastric mucosa; X 170. Immediately below the point of exit of the exudate 
is a gland, the epithelial lining of which is necrotic and the lumen filled with pus 
cells, large mononuclears and three giant cells. Near the center of the right third 
of the section is another gland, similarly altered and containing a single giant cell. 
The tissue was from a dog to which cinchophen had been fed for four days. 


significant feature of the fistula-like ulcer is that the most intense 
inflammatory reaction is at the base with lateral extension and under- 
mining of the adjacent mucosa. After studying a number of these deep 
narrow ulcers one gains the impression that they began at the muscularis 
mucosae and ulcerated upward instead of eroding downward from the 











48 ARCHIVES OF PATHOLOGY 





. surface. The presence of focal accumulations of polymorphonuclear 
| leukocytes and even of small abscesses just above the muscularis mucosae 
without ulceration appears to support this view. 





6. Concerning the large ulcers little need be said. In all essential 

respects, i.e., grossly, microscopically and in location, they resemble 

spontaneous ulcers of similar size in man. j 
From the foregoing brief descriptions of the types of lesions observed 

in the stomach and duodenum, it is evident that in dogs cinchophen 

induces gastritis, which may be (1) diffuse, relatively mild and charac- 

terized by infiltration of the mucosa with plasma cells or (2) focal, 
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severe and accompanied by accumulation of polymorphonuclear leu- 

kocytes and even by formation of small abscesses. Hanke * and Stalker, 
| Bollman and Mann * observed gastritis in dogs to which they had § 
4 administered cinchophen orally or parenterally. The latter authors stated | 
their belief that the action of the drug is not local even when admin- | 

istered by mouth but occurs after absorption. The gastritis which is : 

such a constant accompaniment of feeding cinchophen to dogs may : 

therefore be due either to the direct action of the drug in the lumen 

of the stomach or to its effect after excretion by the gastric mocosa 3 

or to both. ; 

That cinchophen may be excreted by the gastric mucosa and thus . 

induce gastritis is suggested by the experiments of Churchill and Mans- 

hardt,* of Hanke * and of Stalker, Bollman and Mann,” although the | 

last-named authors were unable to detect the drug in the contents of the . 


stomach by a colorimetric test sensitive to cinchophen in amounts of 
from 0.01 to 0.1 Gm. Hanke * made simultaneous injections of atoph- 
anyl (a product containing cinchophen sodium, sodium salicylate and 
aminobenzoyl diethyl aminothanol hydrochloride), into cats and put 
them to death from six to ten hours later. He observed two types of 
lesions: (1) in the fundus, inflammatory lesions with polymorphonu- 
clear infiltration and destruction of the glands without injury to the 
surface epithelium and (2) in the pyloric region, erosions with a fibri- 





noid exudate. He concluded that the first type was due to the toxic 
action of the drug and that the second type was the result of the com- 





| bined action of the drug and of the weakly acid gastric juice. These 





ome 


observations corroborate my own except that in dogs lesions are not so 





frequently found in the fundic mucosa. This difference may be due 


ee 


to difference in species. Schwartz and Simonds® found cats much 
more sensitive than dogs to the toxic action of cinchophen. In any 
case, it appears that the peptic ulcers induced in dogs by the feeding of 
“old” cinchophen originate in areas of acute purulent focal gastritis 


owing to the toxic action of the drug on the gastric mucosa. 

















1 Se AOR 


ep tebe VEN DF i 


oT Des 


ad Cabal 


tne itn ae NIP POET OP SO FS 


3 
: 
: 
i 









GASTRIC ULCER 49 





SIMONDS—EX PERIMENTAL 


The relation of the pathogenesis and mechanism of cinchophen 
ulcers in the dog to spontaneous peptic ulcers in man is not clear. Kon- 
jetzny,” Puhl,* Konjetzny and Puhl,® Puhl and Brodersen*® and 
Kalima '' insisted that gastritis is a precursor of peptic ulcer. Aschoff * 
and his co-workers and most American investigators have expressed 
the belief that gastritis, when present, is secondary to the ulcer and is 
not an etiologic factor in its causation. Walters and Church ** com- 
pared specimens which they were permitted to study in Frankfort, Ger- 
many, with specimens of peptic ulcer at the Mayo Clinic and concluded 
(1) that gastritis was much more frequent in the German cases than 
in their own and (2) that the high percentage of gastritis in the former 
was due to pyloric stenosis, hypertrophy of the gastric wall and edema 
incident to the larger size of the lesions. Simpson ** in England and 
Blahd '* in America observed a high incidence (apparently 100 per 
cent) of gastritis in the cases of peptic ulcer studied by them. There 
is no question concerning the time relation between the gastritis and 
the formation of ulcer in dogs fed with “old” cinchophen. Typical and 
severe gastritis was present in these dogs by the end of twenty-four 
hours after the initial feeding of the drug. Hanke * found gastritis in 
cats from six to ten hours after subcutaneous injection of atophanyl. 

Hyperacidity is not a factor in the causation of cinchophen ulcers. 
Simonds and Robertson,’ using an alcohol test meal, observed no hyper- 
acidity even after injections of histamine. Two of their dogs had a 
total acidity of 70; in the others it ranged from 9 to 34, with little or 
no free hydrochloric acid. Since these dogs showed cinchophen gastritis 
these findings are in harmony with Einhorn’s '* clinical observation that 
in gastritis the hydrochloric acid of the gastric contents is low or normal. 
Stalker, Bollman and Mann,** after administering varying doses of 
cinchophen, found no change in the level of acidity but found an early 
increase in the amount of gastric secretion, “followed by the development 


of a peptic ulcer and hyposecretion.” 


8. Puhl, H.: Virchows Arch. f. path. Anat. 260:1, 1926. 

9. Konjetzny, G. E., and Puhl, H.: Verhandl. d. deutsch. path. Gesellsch. 
20:165, 1925. 

10. Puhl, H., and Brodersen, H.: Arch. f. klin. Chir. 168:30, 1932. 

11. Kalima, T.: Arch. f. klin. Chir. 128:20, 1924. 

12. Aschoff, L.: Med. Klin. 24:1931, 1928. 

13. Walters, W., and Church, G. T.: Minnesota Med. 18:206, 1935. 

14. Simpson, C. K.: Guy’s Hosp. Rep. 85:102, 1935. 

15. Blahd, M. E.: Surg., Gynec. & Obst. 62:203, 1936. 

16. Einhorn, M.: M. Rec. 142:353, 1935. 
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SUMMARY 


The feeding of “old” cinchophen to dogs is the most effective method 
of producing typical peptic ulcers that resemble in all essential respects 
the corresponding spontaneous lesions in man. Dogs to which this drug 
! is administered first experience severe gastritis, which may be (1) dif- 
fuse, mild and accompanied by plasma cell infiltration of the mucosa or 
(2) focal, severe and characterized by the formation of small abscesses 
in any level of the mucosa. This gastritis is present within twenty-four 
| hours or less after the initial feeding of the drug. It therefore precedes 
) the formation of ulcers and is believed to be an important factor in their ; 
| causation. 
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PHYSICOCHEMICAL STATE OF PROTOPLASM 


MARTIN H. FISCHER, M.D., PxHarm.D., Sc.D. 


AND 
WERNER J. SUER, M.S. 
CINCINNATI 


The following paragraphs attempt in categorical fashion to define 
the nature of the system that comprises the living cell. The chemist has 
long declared it a composite of five chemical classes (proteins, salts, 
water, carbohydrates, fats); but mere mixture of these yields no sys- 
tem in any way resembling living protoplasm. The physical chemist in 
consequence has redefined the tissues as aggregates of droplets of dilute 
solution. But the properties of the dilute solution, too, fail to reappear 
in the properties of the living mass. On this account a third proposal 
has been made, claiming protoplasm to be a colloid system of the 
hydrated type. More specifically it is held to be a union of protein, 
salt and water in a giant molecule. In simplest form it is a base—protein— 
acid—hydrate. This compound when made _ synthetically’ actually 
repeats the physical properties of living matter (its gelatinous feel, high 
electrical resistance, nonmiscibility with water, neutrality) and, as these 
paragraphs purpose showing, some of its chemical properties. Corol- 
lary to the total concept is the statement that living matter is anhydrous 
(its average of 80 per cent water is not free but held in combination). 
Change in the composition of the total system makes it take up more 
water (protein “swells,” or the cell becomes “edematous” ) or sets water 
free (a colloid is desolvated, or a cell “excretes” some of its water). At 
the same time the chemical reactions occurring within the system 
(regarded as the “medium” in which they take place) suffer shift. 


I. 


Primary for the chemical reactions that take place in protoplasm is 
the “solution” in it of the elements necessary for these reactions. When 
the possibilities for, or the extent of, such “solution” are debated, 
mathematical students of the question find it all-sufficient to transfer 
to the biochemical reaction the solubility figures derived from those 
obtained by study of the reactants in equal amounts of water. The 
simplest quantitative studies belie this right (the solubility of oxygen 
in blood plasma, for example, is a fifth that in an equal volume of 


‘ 


From the Joseph Eichberg Laboratory of Physiology in the University of 
Cincinnati. 
1. Fischer, M. H., and Suer, W. J.: Arch. Path. 20:683, 1935. 
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water *; while the solubilities of carbon dioxide and nitrogen monoxide 
drop from 10 to 15 per cent as soon as nonreacting hydrophilic colloids 
are added*). The physiologist has always been cognizant of this 
general truth by finding the solubility of every type of material a far 
different thing in different tissues from that in water. In his terms, 
“absorption” is “selective.” 

We wish, in consequence, to direct attention to the solvent properties 
of some hydrates (the analog of the hydrate which is protoplasm) 
opposed to those of water. 

Consider the system sulfuric acid—water-ethyl butyrate. The ethyl 
butyrate is (practically) insoluble in the water of this triad; yet if little 
enough water is present, the three members yield a homogeneous solu- 
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Fig 1.—Experiments with, A, the system sulfuric acid—water—ethylbutyrate and, 
B, the system glacial acetic acid—water-ethylbutyrate, showing that ethyl butyrate 





(“fat”) is “insoluble” in water but “soluble” in a hydrate. 


tion. (In this illustration, as in all the rest, the chemist’s criterion of 
“solution” is taken—ordinary light passes uninterruptedly through the 
system.) In figure 1 4 the same amount 6f ethyl butyrate (1 cc.) has 
been added to the same amount (5 cc.) of increasing concentrations of 
sulfuric acid with water. Tube 0 is water alone. The ethy! butyrate does 
not disappear until tube 6 is reached. In chemical terms, the ester is 
insoluble in dilute sulfuric acid but dissolves readily in the concentrated 
acid. We prefer to say that solution is impossible in a solution of 
sulfuric acid in water but possible in the sulfuric acid hydrate. Identi- 








2. Findlay, A., and Creighton, H. J. M.: Biochem. J. 5:294, 1911. 
3. Findlay, A., and Creighton, H. J. M.: J. Chem. Soc. Tr. 97:536, 1910. 
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cal observations, as shown in figure 1B, may be made on the system 
glacial acetic acid—water—ethyl butyrate. Two phases are maintained 
(the “fat” remains “insoluble”) until practically identical concentra- 
tions (9 molar) are reached in both. The break occurs in tube 5, in which 
50 cc. of either acid is mixed with (about) 50 cc. of water. But this 
is also the point at which in these systems indicators fail and sharp 
breaks occur in refractometric index, in electrical resistance and other 
properties. Some change in internal arrangement has obviously taken 
place (a solution of the acid in the water has given way to one of the 
water in the acid). The ethyl butyrate is “insoluble” in water but 
“soluble” in the hydrate. 

Since the living cell has been declared a hydrated protein, we make 
inquiry as to the solubility of esters (‘fats’) in it. These water- 
insoluble compounds prove soluble therein—and in a rather high pro- 
portion. In figure 2, A to D illustrate this fact. The solvent paste 
seen in A has the composition sodium—casein—hydrochloride with 
66 per cent water. The amount of base in this compound added to the 
“neutral” casein as sodium hydroxide is the same in all, but the amount 
of acid (hydrochloric) starts with partial neutralization of the pro- 
tein, goes to full neutralization and then beyond.* The 7.5 Gm. of 
such “solvent” present in each tube has dissolved 0.25 Gm. of ethyl 
butyrate from tube 0 (a control containing hydrated sodium proteinate 
alone) through tube 6, in which hydrochloric acid has been added up 
to the point of complete neutralization of the protein. Acid added 
beyond this value displaces the sodium from its union, yielding in toto 
a less hydratable system, wherefore the formerly transparent gels turn 
white (tubes 7 and 8).° In B, butyl butyrate (in larger amount, 1.25 
Gm.) has been substituted for the ethyl ester. The general findings 
are the same. To emphasize the “physiologic” nature of this solvent 
property of the hydrates, in C and D “normal” fats—the mixed 
glycerides constituting cottonseed oil (C) or olive oil (D)—are sub- 
stituted for the butyrates. Twenty-five hundredths gram of either 
readily “dissolves” in every tube through tube 6. Similar experiments 
(tubes 0 through 5 of fig. 2) show that the water-insoluble phenyl 
salicylate is soluble in protein hydrate up to 2 per cent. 

These facts suggest direct solubility of fats in, say, the mucous 
membrane of the small intestine. Such a mechanism for the absorption 
of fat has never been suggested. The debate on this matter has hedged 
about absorption via precedent emulsification or hydrolysis of the fats 
(under the influence of the lipases) into their fatty acids and alcohols. 


4. For exact numerical data, see Fischer and Suer,! p. 688. 
5. This is the analog of the “clouding” of “cloudy swelling” (a precipitation 
of globulin) and the forerunner of the pathologist’s “fatty degeneration.” As evi- 
dent in the photograph, solubility for the “fat,” too, has been decreased and its 
aggregation into larger droplets added to the “graying” of the whole system. 
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Fig. 2.—Solubility of esters (“fats”) in hydrated protein: A, ethyl butyrate; 
B, butyl butyrate; C, cottonseed oil; D, olive oil; E, phenyl salicylate. The 
solvent paste has the composition sodium—casein—hydrochloride, with 66 per cent 
water. The amount of base added to the “neutral” casein in this compound as 
sodium hydroxide is the same in all, but the amount of acid (hydrochloric) starts 
with partial neutralization of the prctein, goes to full neutralization and then beyond. 
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As to the first, the finest emulsions of nonsplitable fats have proved 
unabsorbable. But even the second permits no absorption of the higher 
fatty acids when it is assumed that the cells of the intestine are aqueous 
solutions (in which only the lower fatty acids and alcohols are soluble). 
In figure 3, 4 and B show the higher fatty acids to be soluble in hydrates, 
as were the fats themselves. Both series of tubes contain 7.5 Gm. each 
of hydrated sodium—casein—chloride (with the concentration of base 
and of acid carried to the point of complete neutralization of the pro- 
tein). Fatty acids were added to the contents of the successive tubes in 
the following order: none, acetic, lactic, butyric, isovaleric, caproic, 
heptylic, caprylic, lauric, myristic, palmitic, stearic. In each set 
equimolar amounts were employed (0.036 Gm. of the acetic to 0.170 
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Fig. 3—Experiments similar to those shown in figure 2, with different fatty 
acids: 0, none; 1, acetic; 2, lactic; 3, butyric; 4, isovaleric; 5, caproic; 6, heptylic; 
7, caprylic; 8, lauric; 9, myristic; 10, palmitic; 1/, stearic. Series B has carried 
twice the concentrations of A. 





Gm. of the stearic in 4A, and twice these amounts in B). “Solution” 
occurred throughout in 4; in B the effect of the lower fatty acids 
(acetic through isovaleric) in striking the base off the proteinate mani- 
fests itself by slight turbidity.® 

These findings prove that hydrates are far different “solvents” for 
various materials than equivalent volumes of water. Even more is 
involved; materials actually insoluble in water are dissolved. Where 
these have previously been placed is with compounds soluble only in 
fats and fatlike substances. 


6. See footnote 5. 
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We will merely state that many other (practically) water-insoluble 
materials besides those instanced—pentane, heptane, amylene, benzene, 
toluene, pyridine, aniline, the chlorinated ethyl and methyl derivatives, 
various aldehydes and higher alcohols—have been found to be soluble 
in hydrates. Morphine, as base, proved one hundred times more sol- 
uble in protein hydrate than in the equivalent volume of water. The 
listing coincides with that of the extremes in the “lipoid-soluble,” 
pharmacologically “narcotic” class, or to go back to Meyer's first 
studies,’ those insoluble in water but “absorbed,” nevertheless, by all 
living cells. To explain the biologic paradox, “lipoids” have been pointed 
to as existent in all cells. No one quarrels with the possibility of solu- 
tion of the fat-soluble substances in these. Only, many living cells 
contain so little lipoid that it is negligible, or none at all; yet they are 
capable of being nourished, narcotized or poisoned to death by these 
water-insoluble compounds. As these experiments show, the concept 
of “lipoid solubility” is an assumption unnecessary in physiology, for 
hydrated protein is by itself a solvent for the listed articles. Overton’s * 
hypothesis of the lipoid element as an enveloping membrane about cells, 
too, falls away. Such a surface layer has never been seen, is not 
demonstrable analytically (tissues do not “grease” but “wet” a bibulous 
paper) and would make the life of all cells impossible (by preventing 
ingress or egress of water, of most of their foods and of many of the 
products of their metabolism). 





II. 





Acceptance of the view that normal protoplasm is in essence a pro- 
tein hydrate (because qualitatively and quantitatively the properties of 
each system are the same) compels the conclusion that the reactions of 
living matter occur in a nonaqueous medium. They take place in a 
hydrate, which is something far different from ordinary water. In con- 
sequence the course of every reaction in the living substance and its | 
final products may well be expected to be something far different from 
those familiar to one from study of the identical reaction in water. 


ee a 


Characteristic of physiologic (and pathologic) reaction are various 
hydrolyses (analyses) and dehydrolyses (syntheses). Through the addi- 
tion of water, proteins are thus split to amino-acids, fats to fatty acid 
and alcohol, polysaccharides to simpler stigar; through its subtraction, 
the split products are synthesized into the mother substances. Whether 
occurring spontaneously or hurried by catalysts, all these reactions are 
reversible. Wherefore it has been said that neither analysis nor syn- 








1901. 
8. Overton, E.: Ztschr. f. phys. Chem. 22:189, 1897; Arch. f. d. ges. Physiol. 
A 92:261, 1902. In these may be found references to his earlier work. 
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| 7. Meyer, H. H.: Arch. f. exper. Path. u. Pharmakol. 42:109, 1899; 46:338, 
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thesis can ever be complete but each comes to rest when equilibrium 
between the reactants and the products has been established. On this 
account analysis of the food stuffs in the alimentary tract has been 
the expected, because here the mother substances are in high concentra- 
iton, while in the lymph, blood and tissues synthesis has been considered 
the equally necessary reaction, because here the concentration of the 
split products is high. Unhappily the facts of biochemical analysis do 
not coincide with those of the test tube—analysis in the alimentary 
tract is always complete ; equally so, synthesis in the tissues. This indi- 
cates that some other factor must be present in the equation. What 
it may be is indicated in the words: alimentary analysis occurs in the 
presence of water; tissue synthesis, in its absence. It is the former cir- 
cumstance that favors hydrolysis and analysis; the latter, dehydrolysis 
and synthesis. On this count the reactions within the lumen of the 
alimentary tract are “catabolic” or “digestive”; those in its walls, 
“anabolic” or “synthetic.” 

Illustrations of this biochemical truth are found in widely scattered 
fields. Thus, the “spontaneous decomposition” of every infusion or tea 
is readily seen to be the hydrolysis of the aqueous extract of a tissue, 
either animal or vegetable. “Preservation” of the contained “active 
principles” is secured by ridding the systems of their water. This may 
be accomplished by direct “drying” (fruits, vegetables, meats and 
medicaments), the substitution for the water of nonaqueous solvents 
(glycerin, ethyl alcohol) or the making of the mixture anhydrous by 
adding compounds capable of uniting with water (pectin, agar-agar). 
In pharmaceutic practice the maintenance of compounds subject to 
decomposition by hydrolysis is commonly assured by the addition of 
sugar (a material which converts the water present into a hydrate). 
Thus, as “syrups,” are hydriodic acid, ferrous iodide, the compound 
hypophosphites, etc., maintained in their desired form; and many 
“flavors, perfumes and colors.” More striking evidence of the role of 
water, free or in combination as a hydrate, may be gathered from some 
chemical arrangements more “dynamic.” Under what circumstances is 
a 100 per cent yield of soap obtainable from a mixture of fatty acid and 
alkali? By the simple expedient of allowing the two reactants to meet 
in an anhydrous medium. On this account concentrated fatty acid added 
to concentrated alkali regularly yields nothing but soap, for the soap 
itself as formed combines with the water of the reaction to keep the 
total system “dry.” Similarly, the fatty acid will combine with any 
alcohol to yield nothing but an ester (the analog of what happens in 
the body whenever “fat” is laid down) if any “drier” is added to the 
reaction mixture (an excess of the alcohol itself, phosphorus pentoxide, 
sulfuric acid, calcium chloride, or any hydrophilic colloid capable of 
maintaining its dehydrating properties in the system). 
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When by the addition of a few drops of sulfuric acid to a mixture 
of fatty acid and alcohol an ester is formed, it is obvious that the acid 
has had two actions: (a) dried the reactant field and (b) been the 
“catalyst”—here an inorganic “ferment” has taken the place of the 
“organic” ferment more commonly held responsible when a fat is syn- 
thesized in living matter. It raises anew the question of the chemical 
nature of the biochemist’s “enzymes.”” The obvious answer is that they 
are hydrophilic colloids. Thus all a cell’s proteins, its carbohydrates and 
certain of its fats demand consideration since even some of the last 
are capable of binding water to some degree. From the point of view 
of their possible importance as catalytic “intermediates” in reaction, 
however, the proteins assume first importance (they alone are the uni- 
versally present substances in all living matter, and life is most obvi- 
ously a set of “fermentations’’). 

The synthesis of fat from fatty acid and alcohol with lipase has 
rarely yielded the physiologic chemist more than a few per cent. Such 
a yield was forced to 90 per cent by A. K. Presnell * by adding merely 
a (hydratable) neutral toilet soap to his mixture of stearic acid and 
glycerin. Such addition, too, reduced the formaldehyde titration num- 
ber for free amino groups by from 32 to 75 per cent in the instance 
of a casein digest hydrolyzed.by the addition of an extract of pancreas. 
A. D. Presnell,’® by a similar method, accomplished the synthesis of a 
disaccharide from the hexoses. For example, 300 Gm. of sucrose, com- 
pletely digested to invert sugar by warming for two hours with 150 cc. 
of twentieth-normal hydrochloric acid, had 75 Gm. powdered fibrin 
(plus an antiseptic) added. In the next three weeks 90 per cent of the 
reducing sugar was changed back to a nonreducing form. In all these 
illustrations, whether the hydrate added was of inorganic or of organic 
composition, it functioned obviously as an element to keep free water 
out of the system, while in the instance of the sulfuric acid and the 
fibrin, these acted also as the “ferment’’ of the reaction. 

Review of the facts as to the “conditions” necessary for the optimal 
activity or the destruction of the ferments makes it rather clear that 
they are, in major portion at least, proteins and these in a state of hydra- 
tion identical with that found in living cells. The “juices” directly 
expressed from living cells still yield the‘most active and concentrated 
of the ferments extracted by the biochemist; sodium chloride—water 
extracts stand next, with straight out watery extracts proving not so 
good (because the proteinates here suffer hydrolysis and their protein 


9. Presnell, A. K.: Personal communication to one of the authors (M. H. F.) 
in 1934; first published in Fischer, M. H., and Hooker, M. O.: Die lyophilen 
Kolloide, translated by R. Walter, Leipzig, Theodor Steinkopff, 1935, p. 218. 

10. Presnell, A. D.: On the Conditions for Synthesis, Dissert., University of 
Cincinnati, 1936. 
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FISCHER-SUER—PROTOPLASM 


fraction precipitates out in less hydratable form). Glycerin, sugar and 
even alcoholic extracts prove superior. Heating uniformly destroys 
the ferments (because it favors hydrolysis of the “normal” form of the 
cellular ferments into free acid and alkali plus a so-called “coagulated” 
protein which has no large capacity for hydration). The optimal activity 
of a ferment coincides with a medium degree of hydration in a protein, 
wherefore the presence of sodium, potassium, magnesium and calcium, 
for example, in concentrations not beyond the physiologic, permit an 
optimal show of fermentation while ammonium on the one hand (by 
producing too highly hydrated [and soluble] proteinates) or the heavier 
metals on the other (by producing those too little hydratable) “poison”’ 
cells, reduce their enzymatic activities and in general act as “anti- 
septics.” ** Examples of the general truth are old and may be seen in 
Euler’s '* citations (the heavier metals all injure catalase, amylase, 
urease, ptyalin, trypsin), Fodor’s™ observations (the polypeptide- 
splitting phosphoprotein extracted from yeast works best when in “a 
medium degree of dispersion’) and the most recent work of Kehoe 
(on the diastatic activity of saliva).‘* The following facts are taken 
from the experiments of Kehoe: Saliva, left to itself, loses its starch- 
splitting property in a few days, not to return (because the ferment 
hydrolyzes in its own water). It may be destroyed immediately by 
adding a heavy metal like mercury or lead. This “killed” enzymatic 
mixture may be kept for weeks. Then, if its dehydrated and “coagu- 
lated”’ protein is uncoagulated and returned to a state of higher hydration 
through the addition of a proper lighter metal salt in proper concentra- 
tion (this is the correct principle for the treatment of heavy metal 
poisoning ) the once dead mixture again splits starch to reducing sugars. 


SUMMARY 
The solvent properties of protoplasm are discussed and the qualities 
of hydrates as opposed to equivalent volumes of water studied. Con- 
centrated sulfuric and acetic acids or hydrates of the compositon base- 
casein-acid are found to be ready solvents for various materials either 
less or not at all soluble in water. The list includes esters, normal fats, 
various hydrocarbons and a group of “narcotics.” Thus it is believed 


11. Antiseptics like formaldehyde and phenol attack the protein molecule 
directly—as generally believed, by union with the amino groups. 

12. Euler, H.: General Chemistry of the Enzymes, translated by T. H. Pope, 
New York, John Wiley & Sons, 1912, p. 116. 

13. Fodor, A.: Fermentforschung 4:191 and 209, 1920. 

14. Kehoe, R. A.: Personal communication to one of the authors (M. H. F.), 
1921; published in Fischer, M. H.: Soaps and Proteins, New York, John Wiley 
& Sons, Inc., 1921, p. 239. 
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| that their solubility in protoplasm may be explained without recourse 
il to the existence of lipoids in it, either in dispersed form or as 
| “membranes.” 

| The declaration that protoplasm is a hydrate, in which in consequence 
ih all water is combined and none is free, has bearing on the chemical 
| dynamics of the system. Its reactions take place in a nonaqueous 
medium, which explains the predominance of its dehydrolytic activity 
as opposed to the hydrolytic seen in the identical “fermentation” reac- 
tions occurring in the alimentary lumen or the ordinary test tube. 
Examples are cited of how the creation of a nonaqueous mileu prevents ; 
hydrolytic cleavage or favors synthesis. The bearing of this fact on | 
the chemical definition of ferments is emphasized. They are believed 
to be, in major fraction at least, proteins; experimental evidence in 
support of such a conclusion is adduced. 
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A NEW STREPTOCOCCUS FROM DENTAL CARIES 


RUTH TUNNICLIFF, M.D. 
AND 

CAROLYN HAMMOND, M.A. 
CHICAGO 


The presence of Streptococcus viridans in a small percentage of 
pulps of intact teeth the outside of which had been sterilized was 
described in a previous article.’ Since no histologic evidence of infection 
was observed in sections of the pulps containing streptococci, the pres- 
ence of these micro-organisms was considered as probably due to manip- 
ulation during extraction and of no significance. 

The greening streptococci isolated from the outside of teeth before 
sterilization and those from pulps of sterile teeth grew in smooth conical 
or convex colonies on sheep blood agar. The only difference between 
those from the outside of teeth and those from pulps was that 45 per 
cent of the smooth colonies from the outside were depressed in the agar, 
while none of those from the pulps showed this characteristic, probably 
because of the more anaerobic condition inside the tooth. Greening coni- 
cal colonies of the depressed type have been isolated from the naso- 
pharyngeal surfaces of patients with measles in the preeruptive and 
early eruptive stages * and also from the blood of a patient with endo- 
carditis.* 

Cultures have now been made from the infected pulps of six carious 
teeth, from the carious dentin of six, from the outside of three non- 
carious teeth and from a tonsillar crypt and the saliva of two mouths 
with noncarious teeth. 

The extracted teeth were scrubbed with soap and water, dried with 
sterile gauze, cracked in a sterile vise and the infected pulps removed 
aseptically. No antiseptic was used on the tooth because it had been 
found that if caries extended to the pulp the bacteria were killed by 
strong antiseptics. 

Cultures were made from carious dentin obtained in the following 
manner: First the superficial decayed material was removed; then, by 
means of a sharp instrument, or a burr if the tooth was not extracted, 
the dentin was removed from the depth of the cavity. 

From the John McCormick Institute for Infectious Diseases and the Founda- 
tion for Dental Research of the Chicago College of Dental Surgery. 

1. Tunnicliff, R., and Hammond, C.: J. Am. Dent. A. 24:1663, 1937. 
2. Tunnicliff, R.: J. Infect. Dis. 52:39, 1933. 
3. Tunnicliff, R., and Woolsey, C. I.: J. Infect. Dis. 56:116, 1935. 
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Smears of pulps showed signs of infection by the presence of poly- 
morphonuclear leukocytes. Diplococci, generally associated with bacilli 
and filaments, were also observed in smear preparations. 

Cultures from pulps and dentin were grown in 0.2 per cent dextrose 
brain broth, py 7. Cultures from dentin were also grown on sheep blood 
agar. From the brain broth cultures after from three to eight days’ 
incubation at 36 C. subcultures were made on sheep blood agar. 

The cultures from three pulps and from the dentin of one carious 
tooth showed microscopically greenish flat granular colonies, 2 microns 
in diameter, with irregular margins, often with filamentous projections 
(fig. 1). Slightly larger flat rough colonies with granular surfaces and 
irregular edges were isolated from two pulps and the dentin of three 
carious teeth. No microscopic colonies but conical granular colonies 
with lacy edges were isolated from one pulp. The roughest colonies 
were not found in the cultures made directly on blood agar plates but in 
the subcultures on blood agar from brain broth, perhaps because the 
brain broth furnished a slightly anaerobic medium. The roughest 
colonies were friable and when removed left a rough base. Rough col- 
onies appeared generally only after forty-eight hours’ incubation. Some- 
times greening was delayed for from twenty-four to forty-eight hours. 

With the exception of the cultures from one pulp, greening smooth 
colonies, some depressed in the blood agar, and occasionally a few 
anhemolytic colonies were also isolated from the pulps and dentin. Once 
a hemolyzing streptococcus producing a colony depressed in blood agar 
was isolated also from a hemorrhagic pulp. 

Similar greening smooth colonies but no rough colonies were isolated 
from brain broth cultures and on blood agar plates from the outside 
of noncarious teeth and from the tonsillar crypt and saliva of the two 
caries-free mouths. Large greening SR colonies made up of cocci in 
pairs or short chains were also isolated from the mouths with noncarious 
teeth. 

MORPHOLOGY 

The rough colonies isolated from pulps and dentin from carious 
teeth were made up of bacilli, often in palisade arrangement, crescents, 
coiled forms, straight and undulating filaments and chains of bacilli 
showing an occasional coccoid form in the chain (figs. 2 to 14). Cocci 
in pairs or short chains (figs. 16, 17 and 18) were found in the smooth 
colonies (fig. 19). 

The rough colonies grew better on dextrose or malt extract agar, 
with or without the addition of blood, than on blood plain agar. These 
mediums were useful for studying the morphology of the bacteria. 
The same morphologic forms were observed on the solid mediums as 
were seen in blood dextrose broth. 
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The organisms in colonies isolated as rough (fig. 1) appeared to 
develop as follows: A loop (fig. 5) appeared in a filament and the ends 
joined (fig. 6) to form a large coccoid body (fig. 7); some of these 
coccoid bodies broke up into smaller coccoid bodies (fig. 8) ; both large 
and small coccoid bodies appeared to develop into crescents (figs. 9 and 





EXPLANATION OF FicurEs 1 To 14 
Fig. 1——Rough colonies of Str. viridans isolated from carious dentin; twenty- 
four hour growth on blood agar; x 30. 
Figs. 2 to 14.—Bacillary, filamentous, coiled, coccoid and crescent-shaped forms 
in rough colonies of Str. viridans; twenty-four hour growth on blood dextrose 
agar; Gram stain; x 1,200. 


10) and short wavy forms (fig. 11), which grew out into a mass of 
long twisted, undulating or straight filaments (figs. 12, 13 and 14). If 
a large coccoid body was present in a filament or on the end of a fila- 











EXPLANATION OF Ficures 15 To 20 

Fig. 15.—Chain of filaments and cocci in dextrose broth after nine transfers 
of a rough colony; twenty-four hour growth; Gram stain; x 1,200. 

Figs. 16, 17 and 18.—Streptococci in a smooth colony of Str. viridans, changed 
from organisms in a rough colony; twenty-four hour growth on blood agar; Gram 
stain; x 1,200. 

Fig. 19—Smooth colonies of Str. viridans, changed from rough; twenty-four 
hour growth on blood agar; x 30. 

Fig. 20.—Section of carious tooth showing cocci and undulating filaments in 


tubules; Gram stain; x 1,200. 
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ment (rarely one on each end) or free, when it became crescent shaped, 
the crescent was found in the corresponding place. When a crescent 
developed on the end of a filament, it had the appearance of a hook. 
Large coccoid bodies were especially numerous in blood dextrose broth. 

Round unstained areas, vacuole-like, were sometimes seen in fila- 
ments but did not stain like spores. Streptococcus-like forms in rough 
cultures when stained by Giemsa were shown to be filaments containing 
granules. Coiled and crescent forms stained more deeply in old than in 
young cultures and appeared larger. All of the small rough colonies 
showed crescent and coiled forms, but the numbers of these differed in 
different strains, and they appeared to be most numerous in the roughest 
colonies. 

R—S-—R Change.—Rough colonies containing bacillary, coiled 
and filamentous forms were changed to smooth colonies made up of 
diplococci by transferring in 1 per cent dextrose broth every two or 
three days until streptococcus forms appeared, usually after from 
three to twelve transfers. About three months was generally required to 
obtain a stabilized smooth culture on blood agar. 

In the R->S change coccus forms appeared either in chains of 
bacilli (fig. 15) or in filaments or at the ends of filaments. Chains made 
up almost entirely of pleomorphic cocci were sometimes found, especially 
in blood dextrose broth cultures. Filaments appeared to divide into 
bacillary forms and these into coccus forms, so that as the smooth stage 
was reached only round cocci in chains (fig. 16) and finally only diplo- 
cocci (fig. 18) were seen in the smooth colonies with regular edges 
(fig. 19). 

Most of these morphologic changes were observed in agar blocks on 
a warm stage and will be described in another article. 

In the RS change the rough colonies became larger, less flat and 
granular, and the edges became more regular until a perfectly smooth 
conical or convex colony with regular edges developed. The granular 
growth of the rough type in 1 per cent dextrose broth became diffuse 
as the organism changed its colony form to smooth. 

In most instances it was difficult to stabilize the organism in the 
smooth stage, because of a tendency to revert to the rough form, just 
as streptococci isolated as smooth are difficult to keep stabilized as rough. 
However, when rough strains from carious teeth were stabilized as 
smooth, it was not easy to cause them to revert to rough. 

Rough cultures were dissociated from smooth colonies isolated as 
such from carious teeth and from smooth colonies changed to smooth 
from rough by being grown in 20 per cent dextrose broth for five or 
six days and subcultured on blood agar. After about two weeks on 
blood agar at room temperature following twenty-four hours’ incubation 
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at 36 C. rough projections made up of bacilli and filaments appeared 
sometimes from the margins of smooth colonies, which by repeated 
plating were stabilized inte microscopic rough colonies with the same 
morphologic forms as were seen in the rough colonies isolated as rough. 
One of the slightly rough dissociants showed only chains of large cocci 
and so far has not shown any bacillary forms. Smooth colonies of 
Str. viridans from two mouths with noncarious teeth, after growing in 
5 to 20 per cent dextrose broth five days and being then subcultured on 
blood agar, appeared as flat colonies with filamentous edges showing 
mostly bacilli, filaments and a few cocci. When the flat colonies were 
transplanted on tomato agar, Pu 5, and grown three days, small rough 
colonies developed containing crescents, coiled forms and filaments like 
those observed in rough colonies isolated as rough from carious teeth. 

It appears, therefore, that if the rough colonies dissociated from 
smooth colonies of the Str. viridans commonly present in the mouth 
become sufficiently rough, they are found to be made up of crescents, 
coiled forms and undulating filaments as well as of bacillary and straight 
filamentous forms. 

Cultures made from the carious dentin in a case of rampant caries 
showed no rough greening colonies on blood agar plates whether the 
plates were inoculated directly from the dentin or from a culture grown 
in brain dextrose broth one week. The infection may have been so acute 
that there was not time for the dissociation of the smooth to the rough 
type. 

The streptococcus forms observed by McIntosh, James and Lazarus- 
Barlow * and by Bunting and Palmerlee*® in their cultures of Bacillus 
acidophilus were probably from rough colonies of Str. viridans, which 
might be confused with colonies of B. acidophilus. 


CULTURAL CHARACTERISTICS 

The organisms in both the rough and the smooth colonies were gram 
positive, without capsules, nonmotile and bile insoluble. An occasional 
gram-negative filament containing gram-positive coccoid forms was seen. 
Neither type grew at 10 C., but each generally grew at from 42 to 45 C. 
Both the rough and the smooth cultures bleached and clotted purple 
milk. As with other dissociating organisms, the fermentation of sugars 
was irregular. All the strains fermented lactose, except two rough 
strains. Some smooth and some rough strains fermented mannite; 
others did not. The rough strains generally did not ferment salicin, 
although some of their smooth dissociants did. A like difference in the 


4. McIntosh, J.; James, W. W., and Lazarus-Barlow, P.: Brit. J. Exper. 
Path. 5:175, 1924. 
5. Bunting, R. W., and Palmerlee, F.: J. Am. Dent. A. 12:381, 1925. 
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fermentation of salicin between smooth and rough strains has been 
observed of greening diplococci from measles* and of Streptococcus 
scarlatinae (personal observation). Agar plates containing sugars and 
an indicator have an advantage over fluid mediums in that the type of 
colony can be observed. 
pu DETERMINATIONS 

Both the rough and the smooth strains grew in 1 per cent dextrose 
broth of py 4.4 to 5 and could live in this acid medium one week or more. 

Rough strains growing from twenty-four hours to five days in 1 per 
cent dextrose broth of py 7 gave py values of from 5.2 to 6, while smooth 
strains after twenty-four hours’ growth gave py values of from 4.4 to 
4.8.6 Smooth cultures with their high acid production prevented the 
formation of the human fibrin clot, while rough cultures with their low 
acid production had no such effect. These results were in agreement with 
previous observations by Tunnicliff * that only smooth cultures of green- 
ing cocci prevent clotting of human fibrin and those of Dennis and 
Adham * and Tillett ® that such anticoagulative action is dependent on 
the acid content of the culture, which is affected by the amount of dex- 
trose in the medium. 

EXPERIMENTS ON ANIMALS 

Neither the rough nor the smooth strains were virulent for mice and 
young rabbits. Three rabbits remained well after receiving intravenous 
injections of 5 cc. amounts of twenty-four hour cultures of rough strains 
in brain broth; also two which received 5 cc. doses of smooth cultures 
changed from rough. The rabbits were killed with ether three months 
after inoculation, but no lesions were found, and the cultures made were 
sterile. Eight mice receiving intraperitoneally 1 cc. amounts of brain 
broth cultures of five smooth and three rough strains remained well. 
Twice, the growth of two smooth cultures grown in 1 per cent dextrose 
broth was centrifugated, the supernatant fluid removed and the cocci 
suspended in gastric mucin or salt solution and injected intraperitoneally 
into mice. Those receiving the cocci in mucin got very sick but recov- 
ered. Those given the cocci in salt solution remained well. 


COMMENT 


Bacillary, filamentous and pleomorphic coccus forms have been 
repeatedly shown to be associated with rough colonies of Str. viridans. 
The crescents, coiled forms and undulating filaments found in rough 


6. Tunnicliff, R., and Hammond, C.: J. Infect. Dis. 62:121, 1938. 

7. Tunnicliff, R.: J. Infect. Dis. 58:92, 1936. 

8. Dennis, E. W., and Adham, L. D.: Proc. Soc. Exper. Biol. & Med. 36:84, 
1937. 
9. Tillett, W. S.: Proc. Soc. Exper. Biol. & Med. 37:77, 1937. 
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colonies isolated from carious teeth and dissociated from smooth colonies 
of Str. viridans from carious teeth and from mouths with noncarious 
teeth have apparently not been observed before because the colonies 
studied were not sufficiently rough. The rough colonies previously 
described were dissociated from smooth colonies and were not isolated 
as stabilized rough colonies except in subacute bacterial endocarditis.* 

On account of the interest in the relation between endocarditis and 
other streptococcic diseases and dental infections, it is of interest that 
84 per cent of the strains of greening streptococci from the blood of 
patients with subacute bacterial endocarditis show signs of roughness 
morphologically or colonially or both.* These observations suggest that 
the rough element in streptococcus cultures may be an essential factor 
in the production of endocarditis. The isolation of streptococci of the 
rough type from endocarditis has been described by Tunnicliff* in a 
second article, by Fox *® and by Hadley," the type corresponding to that 
of the Str. viridans with which Rosenow '? produced endocarditis in 
young rabbits. The Streptococcus mutans isolated by Clarke '* from 
carious teeth and isolated from the blood of persons with subacute bac- 
terial endocarditis by him and by Abercrombie and Scott '* appears also 
to contain some rough element on account of the irregularity of the 
edge of the colony on dextrose agar and the presence of bacillary forms 
in acid mediums. 

The observation of bacillary and undulating filaments in the greening 
rough colonies isolated from pulps of carious teeth and from carious 
dentin, which later changed to cocci, suggests a similarity to the illus- 
trations of organisms in tubules of carious teeth published by Miller * 
in 1889. He observed that micrococci predominated and might be 
the only organisms present in the tubules. Cocci mixed with rods and 
long “tortuous threads’ were also observed in separate tubules but 
might be mixed in the same tubule. 

The few specimens of Miller which showed only bacilli may be 
explained by the assumption that only rough strains of streptococci 
were present, as in the case of one of our specimens from carious dentin. 
Miller considered that the presence of the three types of organisms in 
carious teeth was due to a mixed infection.* 

We examined sections from seven carious teeth and found cocci 
alone in those with slight caries and cocci associated with bacillary and 
10. Fox, H. J.: J. Infect. Dis. 58:230, 1936. 

11. Hadley, P.: J. Infect. Dis. 60:129, 1937. 

12. Rosenow, E. C.: J. Infect. Dis. 6:245, 1909; 7:411, 1910; 11:210, 1912. 
13. Clarke, J. K.: Brit. J. Exper. Path. $:141, 1924. 

14. Abercrombie, G. H., and Scott, W. M.: Lancet 2:697, 1928. 

15. Miller, W. D.: Die Microorganismen der Mundhohle, Leipzig, Georg 
Thieme, 1889, p. 143. 
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undulating filamentous forms where there was more extensive destruc- 
tion of dentin (fig. 20). Cocci always predominated and were seen 
deeper in the tubules than bacilli and filaments. 

Although it has been shown that enamel is decalcified ** and dentin 
invaded with the same ease by either acidogenic streptococci ** or lacto- 
bacilli,’* the fact that in natural caries cocci are the predominating and 
often the only organisms in tubules indicates that cocci are the invading 
organisms in dental caries, irrespective of predisposing factors. 


SUM MARY 


Microscopic rough colonies, generally associated with smooth 
colonies of Str. viridans, have been isolated from 0.2 per cent dextrose- 
brain broth cultures of pulps of carious teeth and carious dentin. 
Bacillary, coiled forms, crescents and straight or undulating filaments 
in rough greening colonies are changed by transferring in 1 per cent 
dextrose broth into cocci in pairs or short chains forming smooth 
colonies. Smooth cultures isolated from mouths with dental caries and 
from mouths with noncarious teeth may be changed into microscopic 
or minute rough colonies made up of the same morphologic forms found 
in colonies isolated as rough. 

The rough colonies isolated from pulps and dentin of carious teeth 
appear to be dissociants of smooth colonies of the Str. viridans normally 
present in the mouth. 

Rough cultures produce less acid (py 5.2 to 6) than smooth (py 4.4 
to 4.8) in 1 per cent dextrose broth, py 7. Both rough and smooth 
organisms grow in 1 per cent dextrose broth, py 4.4 to 5. 

The organisms found in smooth and rough colonies of Str. viridans 
appear to correspond to the cocci, bacilli and “tortuous threads” described 
by Miller in tubules of carious teeth. 


16. Anderson, T. G., and Rettger, L. F.: J. Dent. Research 16:489, 1937. 
17. Maclean, I. H.: Proc. Roy. Soc. Med. 20:873, 1927. Clarke.1% 


18. McIntosh, James and Lazarus-Barlow.* Bunting and Palmerlee.5 
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ISOLATION OF BACTERIA FROM VIRUS AND PHAGE 
BY A SERIAL DILUTION METHOD 


EDWARD C. ROSENOW, M.D. 


ROCHESTER, MINN. 


Two schools of thought exist regarding the nature of viruses. The 
one considers viruses to be distinct entities, wholly unrelated to bacteria; 
the other believes that viruses may be a phase of the cultivable bacteria 
associated with virus diseases. 

In previous reports methods have been described by which it is pos- 
sible to obtain growth of bacteria from materials which appear to be 
sterile when examined by the usual methods of cultivation on agar plate 
and in dextrose broth. By the use of deep tubes of dextrose-brain broth, 
and less often by other methods,’ I have been able to isolate streptococci 
from material obtained from persons who died of epidemic poliomyelitis,” 
from persons, foxes and horses that died of epidemic encephalitis * and 
from animals which had received injections of poliomyelitic and encepha- 
litic viruses.* From the results of these and other studies I have consid- 
ered the streptococci isolated as factors of etiologic importance rather 
than as secondary invaders or as accidental contaminants. Other inves- 
tigators have also reported evidence indicating the probable importance 
of streptococci in poliomyelitis and encephalitis.* I wish now to report 


From the Division of Experimental Bacteriology, the Mayo Foundation. 

1. Rosenow, E. C.; Towne, E. B., and Wheeler, G. W.: J. A. M. A. 67:1202, 
1916. 

2. Rosenow, E. C.: J. A. M. A. 91:1594, 1928; 94:777, 1930; abstracted, 
J. Bact. 19:27, 1930. 

3. (a) Rosenow, E. C.: J. Infect. Dis. 48:304, 1931; (b) Proc. Soc. Exper. 
Biol. & Med. 31:285, 1933. (c) Rosenow, E. C., and Schlotthauer, C. F.: Proc. 
Staff Meet., Mayo Clin. 12:631, 1937. 

4. (a) Rosenow, E. C.: Proc. Soc. Exper. Biol. & Med. 27:444, 1930. 


(b) Rosenow, E. C., and Schlotthauer, C. F.: Proc. Staff Meet., Mayo Clin. 12: 
825, 1937. Rosenow.** ‘ 

5. Cooper, M. L.: Am. J. Dis. Child. 42:702, 1931. Eberson, F.: J. Lab. & 
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the isolation, by a modification of the methods previously employed,° 
of streptococci from filtered and unfiltered viruses and of the respective 
organisms from cultures of various bacteria which had been lysed with 


phage. ; ae 
The extension of the method is the use of serial dilution of the 


inoculum in dextrose-brain agar and dextrose-brain broth. When this 
is carried out in multiples of ten, it may be frequently observed that 
although little or no growth occurs in the first or second tube, at still 
higher dilutions growth is shown. Absence of growth in the low 
dilutions may be due, it is thought, to inhibiting substances in the 
inoculum which are rendered inactive by serial dilution. 


METHOD 


The mediums» were prepared from dehydrated broth or meat extract and 
peptone in the usual concentrations, to which 0.2 per cent dextrose and 0.1 per cent 
decolorized fuchsin (Andrade’s indicator) (and in the case of agar, 0.25 per cent 
agar) were added. The reaction was adjusted to fu 7. Approximately 18 cc. of 
the medium was placed in each of tall tubes (20 by 1.5 cm.) and to each tube 
two or three pieces of fresh calf brain, about 3 cc. in volume, were added before 
autoclaving (20 pounds [9 Kg.] for twenty minutes). Cultures were made under 
sterile conditions, either in a hood equipped with a glass shield and a copper roof, 
which radiates heat from the Bunsen burner, without change of, air, and in which 
the air and the walls were sterilized with a fine spray of a solution (1: 1,000) of 
mercuric chloride or a saturated solution of phenylmercuric chloride, or in a 
hot air sterilizer equipped with a glass shield and in which the air was sterilized 
by heat. All materials used in making the cultures and the mediums placed in 
the hoods were sterilized immediately before. 

The agar was melted in the autoclave at several pounds’ pressure and was 
cooled to about 40 C. before inoculations were made in it. Inoculations were made 
as a routine with graduated pipets having a total capacity of 3 cc., each plugged 
at one end with a cotton plug and fitted with a rubber bulb having a total capacity 
of 3.7 cc., which was reduced to approximately 2 cc. by placing cotton on the inside. 
Two cubic centimeters of the inoculum was placed in the first tube of medium. 
After the contents of this tube had been thoroughly mixed by means of the pipet 
without bubbling air through the medium, 2 cc. of the mixture was transferred to 
the next tube. Like transfers of 2 cc. each were made in succession to six addi- 
tional tubes ; then 0.2 cc. amounts were transferred successively to each of six addi- 
tional tubes, making the final dilution of the original inoculum 10-2°.7 As a 
routine, the same pipet was used for only three dilutions, a new one being then sub- 
stituted. In general, it took from three to five minutes to make the fourteen dilu- 
tions. Serial dilution cultures of certain inoculums were made in duplicate at the 
same time by from one to four persons, always with essentially the same results. 
Control inoculations, made by using a separate pipet for each dilution, also gave 
comparable results. The pipet method of making inoculations and of mixing was 


6. Rosenow, E. C.: Proc. Staff Meet., Mayo Clin. 10:410, 1935. 

7. I wish to state clearly that I am fully aware of the growth to be expected 
from mathematical relationship after successive tenfold dilutions. Nevertheless, 
growth has been observed in dilutions which cannot be explained on this basis. The 
significance, if any, of this growth is under investigation. 
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checked in various ways. Primary dilutions were made in sterile dextrose-brain 
broth, and 2 cc. of each dilution was transferred immediately by the separate pipet 
method to the dextrose-brain agar, likewise by the drop method. In the latter 
instance mixing was done by inverting the tubes containing the medium inoculated 
instead of by means of the pipets, always with essentially comparable results. 
Control dilution cultures in dextrose-brain agar were made at intervals throughout 
the period of study with sterile water, saline solution, broth, blood and filtrates of 
sterile material. 

All tubes containing inoculated mediums were incubated at 35 C. Growth in 
tubes yielding positive results usually occurred within twenty-four hours, but the 
tubes were examined daily, and stained films were made repeatedly for from five to 
ten days before the tube cultures were discarded. The cultures of poliomyelitic and 
equine encephalomyelitic viruses were made of 5 per cent emulsions of fresh cord 
and brain in saline solution or after the material had been kept in glycerol for from 
several days to several years. Like cultures were also made with Berkefeld N and 
Seitz filtrates of the centrifuged emulsions. 


RESULTS 

The incidence of growth and the numbers of colonies in the dilu- 
tions, especially in the higher dilutions, varied between wide limits but 
were far greater in dextrose-brain agar than in corresponding dilution 
cultures in dextrose agar without brain tissue. Of 147 serial dilution cul- 
tures made in dextrose-brain agar with emulsions of 11 different strains 
of poliomyelitic and 31 different strains of equine encephalomyelitic 
viruses, streptococci were obtained in 102. Cultures made in dextrose- 
brain broth in the usual way and by serial dilution gave comparable 
results. Cultures made in dextrose broth yielded streptococci only rarely, 
while blood agar plate cultures never yielded streptococci. Of the 
147 serial dilution cultures in dextrose-brain agar, there was growth 
of streptococci in 83 in the dilution 10°, in 76 in the dilution 10°, in 52 
in the dilution 10%, in 47 in the dilution 10°, in 39 in the dilution 10°, 
in 20 in the dilution 10°° and in 19, 17, 14, 12 and 18 respectively, in 
the dilutions 107*, 10°'*, 10°'*, 10°* and 10°°°. In 19 instances there 
was no growth in the dilution 10? when one or more higher dilutions 
yielded streptococci (fig. 1). In contrast in only 4 of 29 serial dilu- 
tion cultures in dextrose agar, representing emulsions of 28 different 
strains of viruses, was there growth of stréptococci when the dilution 
was 10°, and in only 1 culture was there growth when the dilution was 
10°. All cultures in higher dilutions remained sterile. 

Of &6 dilution cultures in dextrose-brain agar, made with Berkefeld 
N or Seitz filtrates from 9 poliomyelitic and 16 equine encephalomyelitic 


viruses, streptococci were isolated in 21. In 16 there was growth of 
streptococci in the dilution 10°, in 12 in the dilution 10°, in 7 in the 
dilution 10*, in 9 in the dilution 10°, in 7 in the dilution 10°, in 6 in 
the dilution 10°, in 6 in the dilution 10°* and in 6, 4, 2 and 1, respec- 
tively, in the dilutions 10°"*, 10'*, 10°* and 10°°. In 5 instances there 
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was no growth in the dilution 10° when one or more higher dilutions 
yielded streptococci (fig. 2). In contrast, all corresponding dilution 
cultures of filtrates of virus in dextrose agar remained sterile. All cul- 
tures of filtrates in dextrose broth and on blood-agar plates remained 
sterile, whereas 5 yielded streptococci in dextrose-brain broth. In alto- 
gether 190 control dilution cultures in dextrose-brain agar, made with 
sterile material, represented by 2,660 tubes, streptococci were never 
encountered. 

Serial dilution cultures in dextrose-brain agar were made in 18 freshly 
phage-lysed cultures, representing 3 staphylococcus phages and 1 each 





Fig. 1.—Serial dilution cultures in dextrose-brain agar of an emulsion of an 
adapted eastern strain of equine encephalomyelitic virus. There was no growth 
in the first two tubes, representing the dilutions 10-1 and 10-2. There was a 
countless number of colonies in the third tube, gradually diminishing numbers from 
the fourth to the twelfth tubes and larger numbers of colonies in the last four 
tubes. 


of Bacillus coli, Bacillus aerogenes, Bacillus subtilis and Bacillus Fried- 
lander, A and B.* Growth that was characteristic of the organisms 
lysed by phage was obtained in 17 of the 18 dilution cultures. In 11 
there was growth in the dilution 10°, in 17 in the dilutions 10° and 10°, 





8. Dr. Morris L. Rakieten, of the Long Island College of Medicine, Brooklyn, 
supplied cultures and phages of staphylococci, streptococci, B. subtilis, B. aerogenes, 
B. coli and B. Friedlander, A and B. 
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in 14 in the dilutions 10° and 10° and in 15, 10, 7, 9, 9 and 8, respec- 
tively, in the dilutions 10°'°, 10'*, 10"*, 10°*, 10°* and 10°. In 6 
instances no growth occurred in the dilution 10° when growth occurred 
in higher dilutions. Serial dilution cultures of 11 filtrates of phage-lysed 
cultures, representing 7 different strains and 5 species of bacteria, 
remained sterile. The number of organisms and the end point of growth 
of the freshly lysed cultures, which showed no organisms in stained 
films, were usually far higher than those of the lysed culture that had 
stood for one or more days and those of the corresponding cultures 
before treatment with phage. 





Fig. 2.—Serial dilution cultures in dextrose-brain agar of a filtrate of an emul- 
sion of the brain of a horse that died of acute encephalomyelitis. The first tube, 
containing the 10~—1 dilution of the filtrate, was sterile; in the second tube, repre- 
senting the 10—? dilution, there was 1 colony; in the third tube, or the 10~* dilu- 
tion, there were 75 colonies, and the rest of the tubes contained diminishing numbers 
of colonies up to the tube representing the dilution 10—15. The control tube of 
dextrose-brain agar inoculated with sterile salt solution remained sterile. 


In the case of serial dilution cultures of streptococci isolated from 
viruses, heavy growth occurred in the first few tubes, but growth was 
frequently obtained at dilutions much higher than could occur from 
the expected mathematical relation of the number of bacteria originally 
present. If the streptococci or other bacteria were first grown in chick 
mash medium and then cultures made by serial dilution in dextrose- 
brain agar, growth occurred in much higher dilutions (fig. 3) than if 
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the organisms were first grown in dextrose broth or dextrose-brain 
broth. The number of colonies and the end-point of growth in dilution 
cultures in dextrose agar of cultures in dextrose broth usually approxi- 
mated the expected mathematical relation of the original bacteria present. 
The supernatant fluid from chick mash cultures of streptococci that had 
been centrifuged to the point where Gram-safranine stained films and 
blood-agar platings showed only few organisms and colonies often yielded 
in serial dilution cultures in dextrose-brain agar almost as many colonies, 
in dilutions almost as high, as did the corresponding uncentrifuged 
cultures. Sherman and Safford ® reported growth of “primitive’’ forms 
of bacteria from milk, sewage and other materials in a dilution as high 


10 


as 10°* in dextrose-meat infusion broth. 





Fig. 3.—Serial dilution cultures in dextrose brain agar of-a_ streptococcus 
isolated from poliomyelitic virus, after growth of the streptococcus in chicken mash 
medium. There was diffuse growth in the first 2 tubes, innumerable colonies in the 
third tube, and progressively fewer colonies with increasing dilution but not in 
direct proportion therewith. 


Diffuse clouding sometimes occurred in one or two tubes of dextrose- 
brain agar which showed few or no colonies, and in dextrose-brain broth 

9. Sherman, J. M., and Safford, C. E.: Science 74:602, 1931. 

10. Since this paper was submitted for publication, my attention has been called 
to P. B. Hadley’s work with the organism of fowl cholera in which growth was 
obtained in serial dilution cultures in broth up to 10-2! (Studies on Fowl Cholera: 
II. The Role of an Homologous Culture of Slight Virulence in the Production of 
Active Immunity in Rabbits, Bulletin 150, Rhode Island State College, Agricultural 
Experiment Station, 1912). 
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when at an early stage of the growth no organisms were demonstrable, 
whereas later, stained films revealed pleomorphic cellular forms usually 
characteristic of the inoculum. Shadow forms of organisms were com- 
monly found, and dilution cultures in dextrose-brain broth sometimes 
yielded growth from clouded tubes when no organisms were demonstrable 
microscopically. When a certain dilution showed diffuse clouding, with 
few or no colonies in dextrose-brain agar, the next higher dilution 
often revealed a larger number of colonies than the one showing clouding 
and than the dilution immediately preceding the latter. By the use of 
a special staining method *' with which small, light, immature diplococci 
were demonstrable in filtrates of poliomyelitic and encephalitic viruses, 
my associates and I have demonstrated cellular forms in smears from 
these clouded areas earlier and in larger numbers than when such 
smears were stained by the Gram-safranine method. 

Throughout this study the bacteria that grew were uniformly con- 
sistent with the material inoculated. The viruses of poliomyelitis and 
equine encephalomyelitis yielded streptococci, and the phage-lysed cul- 
tures yielded the stainable forms characteristic of the respective organ- 
isms under study. The streptococci at the end point in dilution cultures 
in dextrose-brain agar remained. viable longer than those that grew in 
the low dilutions and possessed especially high and specific virulence. 
They were agglutinated specifically by the respective antiserums. In 
the case of equine encephalomyelitis, vaccines prepared from the strep- 
tococcus isolated protected horses against epidemic encephalomyelitis 
and guinea pigs and mice against inoculations of encephalomyelitic 
virus.*” 

SUMMARY 


By the use of the serial dilution method with dextrose-brain agar 
and dextrose-brain broth it has been found that growth of bacteria can 
occur from so-called bacteria-free viruses and phage-lysed cultures after 
these have been submitted to high dilution. This is true even when low 
dilutions and cultures in ordinary mediums remain sterile. The number 
of colonies in the dextrose-brain agar was not in proportion to the well 
established laws of dilution. Viruses and phage-lysed cultures and cul- 
tures in chick mash medium of streptococci isolated from viruses often 
yielded pure cultures in dilutions so high as to exclude the possibility 
of growth from stainable, visible organisms originally present as such. 
These results have been obtained consistently, in orderly sequence, 
not for a day but over a period of seven months, in numerous experi- 
ments performed under rigidly controlled conditions. 

Of the fact that the bacteria which grew came from the inocula there 
can be no question, but the nature of the underlying processes responsible 
for these phenomena is obscure. 


11. Rosenow, E. C.: Proc. Staff Meet., Mayo Clin. 10:115, 1935. 
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ACUTE: METHYL ALCOHOL POISONING 


A REPORT OF TWENTY-TWO INSTANCES WITH POSTMORTEM 
EXAMINATIONS 


FRANK R. MENNE, M.D. 


PORTLAND, ORE. 


Dec. 7, 1934, the coroner’s office of Multnomah County, Ore., was 
called on to investigate the death of a man who died from so-called 
denatured or “dehorn” alcohol poisoning. The death of this man was 
followed in dramatic and rapid succession by the deaths of twenty-one 
others in the two succeeding days. All of these victims were known 
to law enforcement officers as having an addiction to alcohol and were 
commonly referred to as “dehorns”; their family connections were 
unknown or distant; they lived in cheap rooming houses, worked 
occasionally and were incarcerated from time to time for drunkenness 
and vagrancy but otherwise were harmless. Several of the group were 
wayward members of prominent families. Their ages ranged from 
32 to 65, six being in the third, five in the fourth, nine in the fifth 
and two in the sixth decade of life. Fourteen died after a short time 
at the Good Samaritan Hospital (attended by Dr. Fred Ziegler), and 
one, in the Multnomah County Hospital. Five were found dead in 
hotel rooms and one in a barn. One died in an unknown place in a 
neighboring city. Their renegade character, their furtive indulgence 
in their vice and their isolation from interested relatives and friends 
obscured many of the details of the final episodes that ended the lives 
of these unfortunate men. 

The available clinical data disclosed only some of the terminal signs 
and symptoms observed during the brief hospitalization of fourteen 
of the patients and the details of the illness of another who died at home. 

Of the fourteen who were hospitalized, five were conscious on 
arrival, while a similar number were in deep coma; the rest were 
semicomatose. Most of them were in profound shock, being cold, 
clammy, pale and perspiring excessively. It was frequently stated 
that their clothing or the bed clothing was “soaked with perspiration.” 
Three were sufficiently rational to relate some of their subjective symp- 
toms. In the several instances in which it was possible to record the 
blood pressure, the systolic readings ranged from 110 to 140 and the 
diastolic readings from 78 to 90, suggesting an increase of pressure 


From the Department of Pathology, University of Oregon Medical School. 
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due to terminal asphyxia as death approached. Their initial pallor was 
overshadowed by marked cyanosis. The eyes were occasionally rolled 
upward but in general were fixed; the pupils were dilated, with either 
slight or no reaction to light and accommodation. Several complained 





TABLE 1.—Clinical Data Concerning Patients 








oo 
Eyes 
— eres ee iat 
Blood Reac- 
Pressure Condition of Skin tion to 
———~ —_—~——— ~~ Light and Respiration 
Mental Sys- Dias- Temper- Sweat- Accom- Condi- — ——______., 
Case Condition tolie tolic ature Pallor ing Pupils modation tion Rate Lungs 
1 Uneonscious, 140 90 Cold, 4- 4-> 7 mm. Neg. Fixed, 8 Resonant 
irrational clammy rolled 
upward 
2 Semiconscious, ? Cold, 4 4 4mm. Slight Rolling 18 Resonant 
irrational, clammy decreasing 
complaining of 
pain in back 
3 Semiconscious, 120 80 Cold, 4 t Dilated Neg. Fixed 1s Resonant 
irrational, (snock) decreasing 
moribund 
4 Comatose, : ? Cold, 1 4 7 mm. Neg. Fixed 12 to4 Resonant, 
moribund clammy rales 
5 Comatose, : : Cold, 4 Diiated Neg. Fixed Labored, Reales, 
irrational clammy slow mucus 
6 Comatose, $ : Cold, ° 4+ Dilated Neg. Fixed 6 Rales, 
irrational clammy mucus 
7 Comatose, ? b Coid, + 4 Dilated Neg. Fixed 8 ‘ 
irrational clammy 
8 Conscious, 136 so Cold, 4 t 5mm. Neg. Fixed 20 to Resonant 
rational clammy 
9 Comatose, ? ? Cold, t 4- Dilated Neg. Fixed 12 Resonant 
irrational ciammy decreasing 
(snock) 
10 Conscious, ? : Cold, 4 4 Dilated Neg. Fixed 10 to 3 Resonant 
rational, com- ciammy 
plaining of 
pain 
11 Semiconseious, 156 86 Cold, 4 4 7 mm. Neg. Round, Resonant 
irrational clammy fixed regular 
12 Conscious, 134 90 Cold, 4 4 5mm. Slight i d 12 Resonant 
irrational! ciammy decreasing 
13 Semiconscious, 100 60 Warm, S'tignt Slight Dilated Slight Nystag s 4 Resonant 
irrational moist ieereasing rales 
(97 F. 
14 Conscious, : : Cold, 4 4 Dilated Neg. Fixed 12 to? Resonant 
going on “~ clammy 
comatose, 
irrational 
15 Conscious, 110 78 Warm, Slight Slight 5 im Slight Dim vision 24 Resonant 
Ist admis. rational moist 
2d admis. Semiconscious, $ 9 Cold, 4 4+ 7 mm. Neg. Fixed 26 Resonant 
irrational clammy 





of dimness of vision, while most of them were too moribund to com- 
ment on such disturbances. 

Marked irregularities of respiration were noted in all. The breath- 
ing was irregular, labored and often spasmodic. The rates varied 
greatly, being at times increased, slowed or normal, but usually dimin- 
ishing to only 2 or 3 respirations per minute, and terminating in respi- 


ratory failure. 
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The heart rates varied considerably. Many of the patients were 
pulseless on their arrival at the hospitals. In a number of others the 
heart was beating rapidly. In most of them, however, there was a 
slowing comparable to that in their respiration although not always 


Dying from Acute Methyl Alcohol Poisoning 


Amount 
of 
Liquor 
Heart - Duration Duration Con- 
a pimmnihiy Reflexes in Abdominal Sensi- Convul- in After sumed, 
Rate Action Cyanosis General Pain tiveness sions Hospital Drinking Ce. 
9 Feeble, 4 Negative 3+ 0 47 min. 10 hr. 400 
distant 
60 Clear Active Rigidity 3 Clonic, 70 min. 10 hr. 
decreasing (Babinski later 2 
positive, tonic 
bilateral) 
72 Regular 4 Normal 0 0 0 50 min. 12 hr. 500 
? Regular 4 Absent : : 0 40 min. °4 hr. 500 
9 
? Feeble 4 Absent : ; 0 5 min. 24 hr. 
9 
Pulseless ! Absent : 0 5 min. 24 hr. 150 
Pulseless 4 Absent 0 0 0 2 min. 24 hr. 400 
30 to 52 Regular 4 Slight, 4 4 2 2 hr. 24 hr. 1,000 
siowed with 
friends 
Regular 4 0 2 hr 24 hr. 200 
Rapid Regular, 4 4 1 0 1 hr., 30 94 hr. ? 
weak min. ? 
Regular 4 Absent hr 24 to 30 
min. hr. ? 
45 Regular 4 : $+ 4 4-- 40 24to 48 
iin. pr. 
Regular Strong 1 Hype: sk 0 Present 9h 27 hr. 
active 9 
108 to 120 Rapid 4 Absent ‘ 4 0 1 hr.. 40 24 to 48 
min. ar. 
116 Regular None Normal 4 4 0 Thr. 7 hr. 
100 Rapid 4 Absent 9 ? 0 6 hr. ? 
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Respi- 
ratory 
Failure 
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None 


a 
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coincident with it. The tones were clear and regular, finally becoming 


distant and feeble. It is evident from the brief clinical notes that cardiac 
arrest followed rather closely in the wake of respiratory failure. 

The extremely urgent conditions of the patients made examination 
of the body reflexes inaccurate. In only one was a positive bilateral 
Babinski sign recorded; in two, the reflexes were normal; in many, 


absent. In six of the patients there was evidence of marked abdominal 








TABLE 2.—Postmortem Findings in Twenty-Two 


— ———— ee 
Weight of Weight of Weight of Weight of 

Age, Patient, Brain, Heart, Coronary Arterio Lungs 

Patient Number  % Lb. Gm. Gm. Disease* Sclerosis Gn. 

L. M. 1 52 Obese Normal 530 None None 885-700 

A. R. 2 48 165 1,270 375 Slight Slight Light 

sclerosis generalized 
E.N. 3 £9 175 1,590 480 Narrowing 3+ 2 510-480 
E. W. 4 52 150 1,220 390 Sclerosis 2+, None 


endocarditis 





C. M. 5 57 160 1,420 380 3+ 24 330-340 
B. V. 6 46 150 (fair 1,495 not in- Sclerosis 14 None 

nutrition) creased 
R. H. 7 54 135 1,690 370 No sclerosis None in 580-560 


aorta 


0. O. 8 52 180 1,450 340 None None 
i 
i ©. 8. 9 38 180 1,520 500 None ] 620-510 
4 
i J. 8. (A) 10 45 200 ? 1,560 370 None 1 
fl 
i] 
| 
H M. S. 11 41 Well nour- 1,690 460 None None 
ff ished 
H 
! C. F. 12 65 135 1,790 370 None 1 630-465 
3 13 50 150 1,600 410 None 14 
B. P. 14 54 175 1,495 430 Focal narrow 2 740 
ing 24 
J.J. 15 58 Emaci- Not ex- 330 None 1+ 550 
| ated amined 
i 
i J.B. 16 34 Well nour- Not ex- 440 14 1+ 390-390 
i ished amined 
M. K. 17 60 Emaci- 1,620 410 1+ 1 700-550 
ated, 145 
} a 
A. J. 18 32 165 1,300 540 None None 760-490 i 
o. 2. 19 42 230 Heavy 380 None None 970-830 
L. B. 20 36 180 Not ex- 350 None None Normal 
amined ' 
W. Z. 21 58 Moderately Heavy 410 None None 830-770 
well nourished | 
J. A. G.S.H. S8-1557 32 160 Heavy 320 Soft, pliable None 200-250 
(good and patent through- 
nutrition) out; heart mus- 


cle unchanged 
——— a ae —_ 


Se eteseneerteegseneeeetneteeecee- 


* In this and subsequent columns 1+ means slight: 24 and 3+, moderate, and 4+, marked. 
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Condition of 
Lungs 


Ant. emphysema, 
post. hyperemia 


Ant. emphysema, 
post. hyperemia 


Emphysema 


Emphysema 4+, 
edema 2+ 


Emphysema, hypo- 
static hyperemia 


Emphysema 4+, 
hypostatic edema 


Ant. emphysema 4+, 
hypostatic hyper- 
emia 2+ 


Ant. emphysema 4+, 
hypostatie hyper- 
emia 2+ 


Emphysema 2+, 
hypostatic hyper- 
emia 3+ 


Emphysema 3+, 
hypostatie 
edema 2+ 


Emphysema 4+ 


Emphysema 2+, 
hypostatic hyper- 
emia 2+ 


Emphysema 44 


Emphysema 3+, 
hynostatie hyper- 
emia 2+ 


Emphysema 2+, 
hypostatie hyper- 
emia 2+ 


Emphysema 2+, 
hypostatie hyper- 
emia 2+ 


Emphysema 1+, 
hypostatic 
edema 34 
Emphysema 3+, 
hypostatie 
edema 2+ 


Emphysema 
Emphysema, 
hyperemia 


Emphysema, 
hyperemia 


Lungs fluffy, col 
lapsed; bronchial 


Weight and 
Condition of 
Liver 


Large, fatty 


Fatty 


Fatty 24 


Cirrhosis 2+ 


Hyperemia 
1,700 Gm. 


Fatty 2+, 
hyperemia 3+ 
Fatty 3+, 
hyperemia 3+, 
1,500 Gm. 
Fatty 2+, 
hyperemia 24 


Fatty 2+, hyper- 
emia 3+ 1,440 Gm. 


Fatty 2+, 
hyperemia 2 


Fatty 1+, 
hyperemia 2+ 


Fatty 1+, 
hyperemia 34 


Fatty 2+, hyper- 
emia 3+, edema 


Fatty 2+, 
hyperemia 24 


Hyperemia 3 
fatty 14 


Fatty 3+, 
hyperemia 14 


Fatty 2+, 
hyperemia 24 


Fatty 3+, 
hyperemia 2 


1,840 Gm. 
Fatty, increased 
in size 


1,340 Gm. 


Fatty, nonsele- 
rotie 2,300 Gm. 


mucous membrane red 


Se etseeeenenenenssinentneesnemeneeeeee- 


2,360 Gm. 


Condition of 
Stomach 


Hyperemia, 
mucus 


Blood-streaked 
mucus, smal] 
amount food 


350 ee. mucoid 
material and food; 
edema, hyperemia 


500 ce. food; hyper- 
emia, petechial 
hemorrhage 


Hyperemia; thick 
mucoid material 


Mucous material 


ot 


Hyperemia 3+, 
edema, mucoid 
material 3+ 


Hyperemia 4+, 
mucus 4+ 


200 ce. bloody 
mucoid material 


Hyperemia 3+, 
edema, bloody 
mucus 3+ 
Hemorrhage 3+, 
large amount of 
food material 


Hyperemia, 
edema 


Hyperemia 1+, 
distention 3-4 


Hyperemia 2+, 
edema 2+, mucous 
material 2+ 


Hyperemia, 500 
ec. bloody mucus 


Hyperemia, 
edema 


Hyperemia 


100 ec. bloody 
mueus, hyper- 
emia, edema 


Marked hyper- 
emia, edema 
Mucoid matter: 
walls congested, red 
Hyperemia, 

edema 

100-150 ee. greenish 


watery fluid, 
hyperemia 


Condition of 
Intestines 


Hyperemia in 
upper portion 


Empty 


Edema 2+, 
hyperemia, 
dilatation + 


Edema 3+, 
hyperemia 3+, 
gas 3+ 


Hyperemia, 
edema 


Hyperemia, 
edema 


Hyperemia, 
edema 


Hyperemia, 
edema 


Hyperemia, 
edema 


Hyperemia, 
edema 


Hyperemia, 
edema 


Hyperemia, 
edema 


Hyperemia, 
edema, 
distention 


Hyperemia, 
edema 


Hyperemia, 
edema 


Hyperemia, 
edema 


Hyperemia, 
edema 


Hyperemia, 
edema 


Hyperemia, 
edema 


Hyperemia, 
edema 


Hyperemia, 
edema 


Marked 
hyperemia, 
edema 


Weight of Weight of 


Kidneys, Spleen, 
Gm. Gm. 
434 95 
400 60 
365 110 

40 135 
280 110 

Normal Normal 
390 25 

Normal Normal 

Normal Normal 
485 185 
460 220 
440 135 

Normal Normal 
450 95 
440 80 
440 Norma] 

120 
440 140 
460 130 

Normal Normal 
380 140 
555 150 
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pain and tenderness. Terminal convulsions were present in three. 
These variable sensations may have been altered because of paralyses 
due to terminal intoxication. 

There is no way of knowing exactly how much of the alcohol each 
one consumed. Scattered notations indicate that much of the drinking 
was done in groups. In a few instances a single empty pint bottle was 
found in the bed room containing the dead body. It may be assumed, 
therefore, that in some cases at least as much as 500 cc. of alcoholic 
liquor was drunk by one man. It is also difficult to arrive at any con- 
clusion as to the exact time of the consumption of the poisonous liquor 
with reference to the onset of the symptoms. In one or two cases, 
however, there were definite statements indicating that symptoms devel- 
oped in from sixteen to twenty-four hours after the intake. It is 
doubtless true that in many of the cases the effect was felt much earlier. 

The sketchy nature of the clinical observations is mainly due to 
the brevity of the hospitalization. Six patients died within an hour; 
three within five minutes, and the remainder within from one to seven 
hours. The following more detailed citations of events in a few 
instances will serve to portray better the probable specific clinical mani- 


festations : 
CASE HISTORIES 


M. S. was admitted to the hospital complaining of diffuse abdominal pain, 
exhibiting general discomfort and sensing impending death. He stated that with 
some companions, on the afternoon of Dec. 7, 1934, he drank one or two pint bottles 
of what was believed to be denatured alcohol. He had no symptoms until the 
following morning, when he noted a feeling of uneasiness followed by occasional 
brief but recurrent violently cramping abdominal pains. He was covered with 
profuse clammy perspiration, which soaked his clothing. He improved slightly 
after treatment, but later his respiration became slow (3 per minute) and his pulse 
imperceptible. Terminally, there was convulsive twitching of the face with pro- 
gressive marked cyanosis and respiratory failure, resulting in death two hours 
after his admission. 

A. J., on admission to the hospital, stated that he had consumed “dehorn” 
at intervals for two years. Although he was somewhat mentally unstable, he 
complained of general cramping pains and disturbance in vision. He stated that 
he partook of portions of two bottles of “dehorn.” Hjs pupils were round (5 mm.), 
equal and reactive only slightly to light and accommodation. The skin was cold and 
covered with clammy perspiration. Just prior to death a generalized spasm devel- 
oped. Complete cessation of respiration was noted, then sudden relaxation and 
death three hours and forty minutes after admission. 

B. P., aged 54, a longshoreman divorced, had been known as a pericdic drinker 
and user of denatured alcohol for at least five years. His mother stated that on 
Saturday, Dec. 8, 1934, he awakened at 8 a. m. She observed that he had been 
drinking. He asked for his breakfast, which she prepared. She then left for 
about an hour and on returning found her son sitting quietly at the table with his 
breakfast untouched. He said he had no pain but “couldn’t see very well.” About 
thirty minutes later he went back to bed. He awakened at 2 p. m. and asked 
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the time, dressed unassisted, spoke normally and with only a slightly wobbly gait 
left for downtown, complaining that he would be late. In about an hour he was 
brought back in a delivery truck. He had collapsed on a street corner but was 
still able to give the necessary directions for being brought home. He was assisted 
to bed. He removed his jacket carefully, then suddenly pawed and tore his shirt 
and underclothing from his chest and cried out for air. At the same time he 
complained of severe, steady, burning pain in the upper part of the abdomen, 
which caused him to press his abdomen firmly with both hands. The pain and 
the hunger for air were so intense that he worked himself off the bed and turned 
over several times on the floor. There was also an unquenchable thirst. He took 
two glasses of water soon after he was brought home and in the next several 
hours consumed from seven to ten glasses of water containing sodium bicarbonate. 
The difficulty in respiration seemed to disappear at times (for five minutes or 
longer) only to recur again. The blurring of vision persisted until death. At 
5 o'clock his speech became incoherent and rambling; he stopped complaining of 
pain; his breathing became increasingly difficult; cyanosis was marked, and 
approximately ten hours after the onset of symptoms he died. Many times in 
previous years the patient had been seen violently ill as a result of his consump- 
tion of denatured alcohol; hence no physician was called. 

J. A. was admitted to the hospital Dec. 8, 1934, stating that he had been in 
good health until he took denatured (?) alcohol (“cut with water”) on the day 
before admission. He said that about six hours after drinking the liquor he began 
to have severe abdominal pain. His pupils reacted sluggishly to light and accom- 
modation, and except for the presence of abdominal pain he appeared in fair con- 
dition. His respiratory rate was 24 and his pulse rate 116. Although when he 
came in he was at first somewhat irrational, he improved and left the hospital after 
seven hours. About sixteen hours later he was readmitted, having been in the 
meantime in the emergency hospital of the city jail. It could not be learned 
whether or not he had had more liquor in the interim. On the second admission 
his pupils were found dilated, with only sluggish reaction to light. He was almost 
totally blind. Later in the afternoon (about five hours after admission) his breath- 
ing became labored, his pulse weak, and he anxiously gasped for breath. His eyes 
finally became fixed; his carotid pulse rate was 100; the respiration was 26; 
cyanosis was marked; he stopped breathing approximately thirty-two hours after 
drinking the alcohol. 


Practically none of the details of these histories were available at 
the time of the necropsies. 


POSTMORTEM EXAMINATIONS 

Twenty-one of the bodies were examined by the staff of the depart- 
ment of pathology (coroner’s physicians) and one by Dr. C. H. Manlove, 
of the Good Samaritan Hospital. The excitement of the emergency 
and the scattering of the bodies in various undertaking parlors so 
occupied the coroner’s staff (Dr. R. Edwin, coroner) that the request 
for postmortem examinations was not made until the second day of 
the incident and not until most of the bodies (all but three) were 
embalmed. 
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Many of the bodies were found in a good state of nourishment; only two were 
emaciated (table 1). The weights ranged from 135 to 200 pounds (61 to 91 Kg.). 
emaciated. The weights ranged from 135 to 200 pounds (61 to 91 Kg.). 

Except for the terminal cyanosis, there was commonly seen in these addicts a 
general pasty pallor of the skin. The hands and feet were dirty, the palms of the 
hands were slightly workworn, and the hair on the head was unkempt—all 
attesting to the shiftless indifference of character of these men. In many, the facial 
expression was agonized. There were some with fresh bruises and lacerations of 
the face and extremities. Lividity was posterior or lateral, and rigor mortis was 
in general intensified. One found dead in a barn died lying on his right side. His 
head was extended; the conjunctivae were suffused; the trunk was distorted and 
twisted; the hands were clenched with marked extension at the wrists; the lower 
extremities were flexed at.the knees and the hips; the testes were drawn up into 
the inguinal rings; all this indicated intensive terminal abdominal pain. Such 
evidences may have been present in all of the bodies and then altered by hospital- 
ization and embalming. 

The following pathologic changes were observed in the different organs: 

Brains—All but four of the brains were removed, strenuous objection being 
offered by relatives in two instances. When the calvariums were taken off, vary- 
ing degrees of tenseness of the duras were observed. In the several bodies that 
were not previously embalmed there was marked engorgement of the circulatory 
system in both the dura and the pia-arachnoid. In many instances the latter was 
lifted high above the convolutions by, clear spinal fluid. In others the sub- 
arachnoid spaces were almost obliterated by swelling of the parenchyma. The 
weights of the brains (after fixation in solution of formaldehyde U. S. P.) were 
in general increased, ranging from 1,290 to 1,790 Gm. 

Most of the brains were pale and wet. Variations in the amount of fluid in 
the subarachnoid spaces seemed to depend on the degrees of swelling of the 
brain substances. In practically every one there was some herniation of the 
cerebellum into the foramen magna. Chronic meningitis was not observed; 
the membranes were thin. In only one brain was there evidence of a preexisting 
old cerebral hemorrhage. 

In the microscopic examinations the different brains disclosed relative uni- 
formity of appearance. Variations were due to different degrees of edema and 
hyperemia. There were no old or recent hemorrhages in the dura or in the pia- 
arachnoid, but in the latter there were small fibrous patches and spreading edema. 
The optic chiasms disclosed occasional small punctate hemorrhages with, infre- 
quently, other more minute interstitial extravasations of red blood cells. No 
decisive, disrupting hemorrhages were found here. There was no edematous spread- 
ing of optic nerve fibers. If anything, the latter appeared more compact, as 
though from intrinsic swelling. In the regions of the precentral and postcentral 
gyri there was moderate to marked subpial edema, with engorgement of small 
cortical blood vessels and perivascular edema, especially in the subcortical zones, 
where larger edematous vacuoles were often seen. The edema appeared to extend 
along the blood vessels, with slight to moderate degrees of perineuronal extension. 
Nissl granules were often found to be powdery, ragged and frayed, with occasional 
slight indentation of the cells. In addition, there was some slight satellitosis. 
Other changes, such as cytoplasmic accumulation of lipochrome (younger brains) 
and presence of calcospherites in white matter (older brains), were observed. 
Similar but less marked changes were found in the calcarine convolutions. Sec- 
tions through the uncus in the different brains revealed in one instance, in addition 
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to the extension of edema already described in other locations, an old area of 
hemorrhage (recognized clinically) with amyloid cytoid bodies, powdery granules 
of hemosiderin and many pyknotic nuclei (glial). In the older brains senile lipo- 
chromes were more abundant. In the neurons there were edematous perinuclear 
clear spaces ; there was some incompleteness of nuclear membranes, with a tendency 
to eccentric position of the nuclei. In some of the brains there was marked 
satellitosis with perivascular rows of mononuclear cells in the adventitia (one 
brain). No striking changes were seen in the basal ganglions; small patches 
of gliosis with slight to moderate edema and a sprinkling of lipochromes in some 
cells were noted. 

Similarly, the medullae oblongatae disclosed varying edema, often marked 
accumulation of brown pigment in most of the neurons (so that they appeared 
stuffed) and occasional bleating and desquamation of the ependyma of the medial 
portion of the ventricular floor. There was no demonstrable alteration in the 
Nissl granules. In sections of the cerebellum nothing but edema was seen. 


The minute alterations observed in the central nervous system 
(brain and medulla oblongata) consisted, therefore, of marked sub- 
pial and moderate cortical and subcortical interstitial edema with spotty 
perivascular and perineuronal extension. Only occasional minute focal 
hemorrhages were noted. On the whole, the cellular changes were not 
marked. The “extensive degeneration of ganglion cells and vascular 
endothelium with subsequent hemorrhage in the midbrain, pons and 
medulla oblongata” referred to by Weil’ was not observed, probably 
because of the acuteness of the intoxication. In a report concerning 
six deaths among thirty persons with acute wood alcohol poisoning, 
Gettler and St. George * noted only pronounced cerebral congestion 
with an increase of spinal fluid and engorgement of blood vessels. 
Detailed studies of tissues from the human central nervous system in 
methyl alcohol poisoning are wanting, since many of the patients recov- 
ered, and in others microscopic investigations were not made. How- 
ever, in the brains of rabbits forced to inhale 0.2 per cent wood alcohol 
for periods of two, four, six, eight and ten months, Eisenberg * found 
degeneration of varying degrees, with an indefinite line of demarcation 
between the gray and the white matter, diminution of neurocytes with 
spindling and disappearance of Nissl granules, and a scattering of 
brownish pigment. In the later stages of the severe intoxications in 
these rabbits there was marked decrease in the size and number of 
parenchymal cells. The nuclear changes varied from peripheral wan- 
dering to complete karyolysis. Scott and his associates * exposed mon- 
keys, rabbits and rats to methyl alcohol by cutaneous absorption, 


1. Weil, A.: Textbook of Neuropathology, Philadelphia, Lea & Febiger, 1933, 
p. 191. 

2. Gettler, A. O., and St. George, A. V.: J. A. M. A. 70:144, 1918. 

3. Eisenberg, A.: Am. J. Pub. Health 7:765, 1917. 

4. Scott, E.; Helz, M. K., and McCord, C. P.: Am. J. Clin. Path. 3:311, 
1933. 
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inhalation and ingestion. They found in their animals capillary con- 
gestion, edema and patchy degeneration of the neurons. These changes 
were more often found in the spinal cords than in the brains. These 
authors quote Rihle as having found in dogs scattered hemorrhages 
along the blood vessels of the pons, medulla and cord, as well as large 
amounts of lipoid in the vascular endothelium and perivascular tissue. 
The deposition of lipoid often preceded the hemorrhage. Scott and his 
co-workers concluded that only parenchymal and neuronal tissues were 
affected. Such experimental evidence is probably of more value in 
depicting the injurious effect of methyl alcohol on the central nervous 





Fig. 1.—Photomicrograph of one of the eyes, showing obliteration of the “optic 
cup” at Op. N.D. Op.N. indicates the optic nerve; G, the ganglion cell layer of 
the retina; /.N., the inner nuclear layer, and O.N., the outer nuclear layer. The 
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arrow indicates the region of the magnification shown in figure 2. 


system than are the changes observed in such acute conditions as I have 
described in human beings, material which is not so accurately con- 
trolled. However, the susceptibility of the tissues of animals to wood 
alcohol must be considered in the evaluation, sincé there is such wide 
variation in the effects in the different animals studied. The deriva- 
tives of formic acid and the alcohol itself may becloud the real changes 
in the parenchyma of the central nervous system because of their fixa- 


tive action. 
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Eyes.——In almost every one of the bodies the eyes were closed by the embalmer, 
so that their appearance was not noted at autopsy. However, one eye was 
removed from each body. Except for variations in the amount and in the edema 
of the retro-orbital fat, no noteworthy changes were observed about these eyes. 
They were placed in solution of formaldehyde and were later opened to complete 
the ‘fixation. The retinas were found to be intact, grayish white and slightly 





Fig. 2—Photomicrograph of the retina in acute poisoning from methyl alcohol, 
showing the general edema, especially in the nerve fiber layer, N.F., and in the 
ganglion cell layer, G. Note the pyknosis and eccentric wandering of the nuclei 
and the wide separation, as well as the cytoplasmic fraying, of the cells. J.R. 
indicates the inner reticular layer; J.N., the inner nuclear layer; O.R., the outer 
reticular layer, and O.N., the outer nuclear layer. 


wrinkled. The cuppings of the optic disks seemed to be absent and were often 
difficult to locate except by following the optic nerves (fig. 1). There was evidence 
of good fixation, increased opacity and toughness of the retinas. 
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Microscopically, little change was observed in the optic nerves except for 
edema and hyperemia and some patchy proliferation of glial cells. The most pro- 
nounced alterations were observed in the ganglion cells of the retinas: irregular 
staining, eccentric placement of nuclei, fraying of cytoplasmic outlines, vacuolation 
and autolysis (fig. 2). In many instances only about one in fifty of these cells 
approached normal, while in some of the eyes, they were entirely absent in wide 
areas. These changes in the ganglion cell layer were most marked nearest the 
disk. There were no noteworthy changes in the glial cells except for marked 
edema. Neuronophagia was not observed. The other layers of the retina were 
without notable alterations with the ordinary stains. 


Practically all of these victims of acute methyl alcohol poisoning 
had given evidence of visual disturbances of varying degrees. It seems 
apparent from the examination of the eyes that in the earlier stages 
the dimness of vision was largely due to congestion and edema, a 
reversible process if early removal of congestion is accomplished, as 
has been noted in a considerable number of instances (Fenton; °® 
Mathewson and Alexander*). Ziegler,’ in reporting fourteen cases 
of blindness from drinking Jamaica ginger, observed that the loss of 
vision may be early, sudden and complete. Recovery may be lasting 
or it may be incomplete with gradual failure of vision and ultimate 
blindness. Ziegler found on physical examination sluggish, dilated 
pupils, variable reaction to light and accommodation (usually absent in 
severe forms), deep pain on rotation of the globes and tenderness on 
pressure, with occasional paralysis of the extra-ocular muscles, asso- 
ciated diplopia and ptosis of the lids. On ophthalmoscopic examination 
he noted swollen disks (2 diopters of swelling, resembling influenzal 
papillitis), edema, dilated veins and shrunken arteries. Ziegler also 
pointed out that the late insidious manifestations consisted of retrobulbar 
neuritis and shrinkage of the nerve head. While such clinical obser- 
vations are of interest, there have been no studies of the corresponding 
minute alterations. Gettler and his associates saw marked degeneration 
not only of the optic but also of the vagus and splanchnic nerves. Scott 
and his associates noted in animals changes such as were described by 
MacDonald * in man. It appears that in neither human beings nor 
animals acutely poisoned with methyl alcohol are changes in the optic 
nerves demonstrable even with special neurologic technic. It is the 
consensus that the injuries in the inner layers of the retina are due to 
direct action of methyl alcohol or of its by-products and not to circu- 


latory stasis. 


Lungs.——The lungs were monotonously uniform in appearance. There was 
marked anterior and marginal emphysema, with posterior engorgement of varying 





. Fenton, R.: Northwest Med. 19:22, 1920. 

Mathewson, G. H., and Alexander, B.: Canad. M. A. J. 26:679, 1932. 
. Ziegler, S. L.: J. A. M. A. 77:1160, 1921. 

. MacDonald, cited by Scott and others.4 
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intensity. In every case the lungs almost completely filled the thoracic cavity and 
covered the cardiac area. There was no gross evidence of pneumonia or of other 
noteworthy pulmonary disease. 

Microscopically, there was seen marked engorgement of the larger blood ves- 
sels, as well as of the capillaries, in the sections from the posterior halves, while 
anteriorly thin-walled anemic alveoli, free from cells and albuminous material, 
were noted. In only one instance was there acute bronchitis, and in another 
there was terminal hypostatic pneumonia simulating the influenzal type. The 
changes in the lungs (emphysema) were in accord with the clinical phenomena 
of labored breathing and final asphyxia from respiratory failure. The prostrations 
and deaths were too rapid to permit development of more serious lesions in the 
lungs. 

In considering the reasons for the respiratory phenomena, Rabino- 
vitch ® pointed out that neither saturation of the venous blood with 
oxygen nor formation of methemoglobin occurs. In experimental ani- 
mals local manifestations in the lungs may be in part attributed to direct 
injury (inhalation of fumes). The altered condition of the nerve 
trunks (including the phrenic and vagus nerves), the edema of the 
brain, and the herniation of the brain stem are concerned in the respira- 
tory difficulties and final cessation. Gradinesco *° stated that small doses 
of alcohol (C,H,OH) produce increased weakening of respiration, with 
augmentation of the amplitude, whereas large fatal doses cause inhibi- 
tion and complete arrest, with the typical phenomena of asphyxia. 
Gradinesco regarded this as due to (1) diminishing circulation in the 
respiratory center, (2) involvement of the motor centers of the costo- 
thoracic nerves and (3) later involvement of the phrenic nerve centers, 
with resultant agonal asphyxia suddenly replacing the primary weaken- 
ing of respiration. These factors undoubtedly are also of importance 
in acute methyl alcohol poisoning. 


Livers.—It is notable that only one of the livers showed evidence of atrophic 
cirrhosis, and that this was of a minor grade. There was increased moisture about 
the livers. Many were enlarged; one weighed 2,920 Gm. They appeared yellowish 
brown and had smooth capsules. The gallbladders were all distended, being 
markedly filled with very watery brownish bile. The cut surfaces of the livers 
were generally wet, bloody and greasy. There were no distinctive focal lesions 
nor was there an increase in the bile content. 

Microscopic examination disclosed the cirrhosis in the one instance to be, as 
stated, of a low grade. While three of the livers showed most marked parenchyma- 
tous degeneration with only small fat vacuoles, the remaining nineteen were all 
strikingly fatty. In the latter instances the sinusoidal structures were almost 
obliterated, and few normal-appearing cells were seen. The size of the fat vacuoles, 
as well as their extent, probably indicates the cumulative effect of previous con- 
sumption of alcohol. There was no evidence of infection. Sections of the gall- 
bladder disclosed nothing but edema and postmortem changes. No focal necroses 
were seen in the livers such as have been noted in experimental methyl alcohol 
poisoning. 


9. Rabinovitch, I. M.: Arch. Int. Med. 29:821, 1922. 
10. Gradinesco, A.: J. de physiol. et de path. gén. 32:363, 1934 














90 ARCHIVES OF PATHOLOGY 


Stomachs and Intestines—Most of the stomachs were found contracted and 
empty except for small amounts of viscid bloody mucous material. In only one 
was food mixed with the secretion. The mucous linings were in general engorged, 
stippled with punctate hemorrhages and granular but free from acute or chronic 
ulcerations. The walls of the stomachs were edematous and hyperemic. Similar 
conditions were observed in the duodenums. Beyond their upper ends, the small 
intestines were uniformly edematous and hyperemic, while varying but small 
amounts of feces were present in the large intestines. No other noteworthy gross 
pathologic changes were found in the gastro-intestinal tracts. The esophagi were 
free from gross changes except for increased glistening of the mucosas, which 
were well preserved; in one, a small chronic ulcer was seen. 

Microscopically, the stomach uniformly disclosed superficial necrosis, with 
varying condensation of the underlying defensive wandering cells in the area at 
the base of the zones showing acute destruction. These cells comprised large 
numbers of plasma cells, eosinophils, monocytes, polymorphonuclear leukocytes and 
lymphocytes, with a frequency in the order named. In addition there was con- 
siderable desquamation of the epithelium of the mucous glands, with cytoplasmic 
edema and disintegration. Marked mucous distention of mucosal cells was evident. 
Deeper in the gastric mucosa were varying concentrations of lymphocytes with 
accumulations of fibrous connective tissue and alterations of the glands, indicating 
long existing chronic gastritis. In the duodenums, similar acute and chronic changes 
were noted. The gastric changes observed were probably in part due not only 
to the direct action of the poisonous liquor but also to reexcretion of the poison 
through the stomach and intestines (Gettler). The recurrence of abdominal pains 
and final paralysis may be explained by this phenomenon. 

Kidneys—The kidneys were all slightly increased in weight, engorged and 
firm. The surfaces all showed normal markings, but there were increased graying 
and moderate bulging of the parenchymas beyond the edges of the capsules. 

Microscopically, the renal tissues were in an excellent state of preservation. 
There was little evidence of glomerular or tubular damage, either recent or old. 
While there was some edema, only a few kidneys disclosed moderate parenchym- 
atous degeneration of the tubular epithelium. None showed arteriolosclerosis, and 
only a few had atherosclerotic changes in the large vessels. 

No remarkable changes were found in the hearts, spleens, pancreases and other 
organs of these bodies either grossly or microscopically except for moderate 
degrees of dilatation of the right ventricle of the heart. There were no pathologic 
changes suggestive of hypertension in any of the bodies. 


COM MENT 


The aforementioned clinical and pathologic changes occurred in men 
who accidentally partook of concentrated methyl alcohol. These addicts 
had been accustomed to drinking various preparations of denatured 
methyl alcohol over a period of years. Certain drugstores were known 
as “dehorn” joints where addicts customarily got their “shots” by the 
glass or bottle, which liquor was diluted with water, lemon juice or 
milk. These men usually ate sparingly of canned foods, such as beans 
and sardines, while drinking. Apparently the only effect of such con- 
sumption was to produce hilarity and drunkenness. A number of 
addicts when questioned revealed an intensive craving and decided pref- 
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erence for this kind of alcohol rather than for good whisky. As 
Ziegler pointed out, the frequent use of methyl alcohol as a beverage 
is due to the refinement, the cheapness and the extensive use in the arts, 
making it readily available. The reduction of the percentage of methyl 
alcohol from 10 to 2 in the denaturing of ethyl alcohol also encouraged 
its use, especially during the period of prohibition in the United States. 

The accidental consumption of methyl alcohol which caused the 
death of these twenty-two men was due to the injudicious sale of pure 
methyl alcohol by an uninformed workman of a certain paint company 
to several drugstores engaged in the nefarious practice of supplying 
denatured methyl alcohol to customers. 

A toxicologic examination of available samples collected by the 
police and of the tissues of two unembalmed bodies was made by the 
late Harold B. Myers, professor of pharmacology. The basic chemical 
tests and refractometer readings showed that a sample bottle labeled 
“denatured grain alcohol” obtained from a certain drugstore contained 
pure methanol. Many of the bottles found near the dead bodies were 
dry, while others contained pure concentrated methanol. All of the 
twenty-two men who died had undoubtedly consumed diluted pure 
methanol, which was also found in the complete toxicologic examina- 
tion of the tissues from the two bodies referred to. 

It is well recognized that the seriousness of the consumption of 
methyl alcohol is due to the retention of this alcohol by the tissues and 
its slow oxidation into formic acid, which is about six times as toxic 
as the alcohol itself. This results in generalized acidosis, demonstrable 
in the blood and urine (Haskell and co-workers '!). Once consumed 
or inhaled, methanol is quickly dispersed to all tissues of the body, hav- 
ing no selective affinity (Yant and Schrenk '*) but apparently injuring 
by direct action the more highly specialized tissues of the retina, brain, 
kidneys and liver and to a lesser extent the other tissues and organs. 

The variable clinical manifestations are undoubtedly due to the toxic 
effect of methanol on nerve tissue. Gradinesco and Degan '* showed 
that in weak concentrations (from 5 to 10 per cent) methanol first 
causes excitability and then diminution of response, going on to com- 
plete paralysis. With strong concentrations (from 15 to 30 per cent) 
there is usually rapid paralysis. The effect undoubtedly varies with the 
rate of oxidation in different persons; hence the peculiar and varying 
clinical episodes. 





11. Haskell, C.; Hillman, S. P., and Gardner, W. R.: Arch. Int. Med. 27: 
71, 1921. 

12. Yant, W. P., and Schrenk, H. H.: J. Indust. Hyg. & Toxicol. 19:337, 
1937. 

13. Gradinesco, A., and Degan, C.: J. de physiol. et de path. gén. 32:826, 1934. 
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SUMMARY 


In twenty-two instances of fatal poisoning from pure methanol, 
accidentally sold but maliciously dispensed to men with an addiction to 
denatured alcohol, the outstanding pathologic changes consisted of 
marked edema, hyperemia and necrosis of the stomach, intestines, liver, 
brain and retinas. Clinically the victims showed intense nerve excita- 
bility, evidenced by excruciating abdominal pain, muscle twitchings, 
rapid respiration and rapid cardiac action, with final paralysis, cessation 
of pain, dimness of vision, fixation of pupils, labored respiration and 
death from respiratory failure. Such changes as were noted in the 
retinas and brain, in particular, and in other organs, are not regarded 
as selective but accidental in more highly specialized tissues. The 
minute pathologic changes in acute methanol poisoning are secondary 
in importance to the gross alterations in causing clinical manifestations. 
Except for the fatalities from the accidental massive doses of pure 
methanol, there was nothing grossly discernible in these unfortunate 
addicts to show that the consumption of small (?) quantities of methanol 
in denatured alcohol over a period of time produced in them either an 
increase in their susceptibility to disease or an untoward accumulation 
of pathologic processes such as are so frequently observed in the more 


discreet and discerning members of society of the same age and environ- 
ment. While they may have been unproductive and unmoral, their 
resident physical properties seemed admirably protected and preserved 
in spite of their addiction to impure alcoholic beverages. 








PNEUMOCOCCUS ANTITOXIN 


GEORGE F. DICK, M.D. 
AND 
ALDEN K. BOOR, Pu.D. 


CHICAGO 


In 1937 we! reported on the production of a toxin in ordinary broth 
cultures of Pneumococcus. A process of purification and concentration 
was described by which it was possible to obtain a toxin of such potency 
that the production of antitoxin of considerable strength was made easily 
practicable. 

It was shown that, unlike toxins in general, this toxin was not 
destroyed by heating for one hour at the boiling point. The following 
experiment shows that although this toxin is unusually heat resistant, 
heating at the boiling point for one and a half hours does destroy the 
toxin and that it is only relatively heat stable. 

Two groups of mice were given single intraperitoneal injections of type I 
toxin. One group was given toxin heated at the boiling point for one and a half 
hours. The cther group was given toxin boiled one hour. Quantities of 0.3 cc., 
0.4 cc. and 0.5 cc. of a 4 per cent solution of the toxin were used in both groups. 
Of the mice given toxin heated one and a half hours, all survived. Of the group 
given unheated toxin, only the mouse given 0.3 cc. survived. Repetitions of this 


experiment gave similar results. 


It seems, then, that pneumococcus toxin exhibits to some degree all 
of the characteristics of toxins in general, including heat lability. 


SERUM FRACTIONATION 

Antitoxins are usually associated with the pseudoglobulin fraction 
of the serum containing them while antibacterial antibodies, such as 
opsonins and precipitins, are contained in the euglobulin fraction.” 

Does the pneumococcus antitoxin described by us correspond to 
other antitoxins in this respect? 

To answer this question 100 cc. of the horse serum containing antitoxin for 
Pneumococcus type I was fractionated by the method of ammonium sulfate pre- 
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cipitation and dialysis, and the euglobulin, pseudoglobulin and albumin fractions 
obtained were all made up to 200 cc. each with physiologic solution of sodium 
chloride. 

Titration of a 4 per cent solution of the concentrate of the toxin of Pneumo- 
coccus type I showed that 0.4 cc. of the toxin given intraperitoneally was usually 
fatal to mice, and that 0.5 cc. was invariably fatal, if used within a week of the 
time the solution was prepared. 

Three groups of mice were all given 0.65 cc. of toxin intraperitoneally. In one 
group the toxin was mixed with the euglobulin fraction of type I pneumococcus 
antitoxic serum in varying quantities and incubated for an hour at 37 C. before 
it was given to the mice. A second group were treated similarly, but with the 
pseudoglobulin fraction substituted for the euglobulin. The third group received 
the same amount cf toxin after incubation for an hour with varying amounts of 
the albumin fraction. 

Amounts of the albumin fraction up to 0.4 cc. showed no evidence of anti- 
toxin at all, as the mice all died within twenty-four hours. 

Two-tenths cubic centimeter or more of the euglobulin fraction protected mice, 
shewing that it contained antitoxin. Those mice which received 0.2 cc. or more 
of the pseudoglobulin lived, while those receiving less than 0.2 cc. died. 


The results of these experiments indicate that with the ammonium 
sulfate method of fractionation used, the euglobulin and pseudoglobulin 
fractions contained about the same amount of antitoxin. 


For our use the Lederle Laboratories, Inc., made, from the pneumococcus 
antitoxic horse serum, peptic digest preparations of the pseudoglobulin fraction 
and alcohcl-water preparations of the euglobulin as used in the commercial pro- 
duction of antitoxins and pneumococcus antiserum, respectively. 

Two series of mice were given 0.65 cc. of the toxin concentrate intraperitoneally. 
In one series the toxin was incubated with amounts of the pseudoglobulin fraction 
frem 0.001 to 0.006 cc. In the other series quantities of euglobulin fractions from 
0.001 to 0.2 cc. were used. 

Mice which received toxin that had been incubated with pseudoglobulin in 
amounts of 0.005 cc. or more lived, showing a strong content of antitoxin in the 
pseudoglobulin fraction. Amounts of euglobulin fracticn up to 0.2 cc. were insu- 
ficient to prevent death in twenty-four hours, showing that the antitoxin content 
of the euglobulin was at most small in quantity. 

Commercial antipneumococcus serum used in similar neutralization experiments 
showed no evidence of antitoxin content in that quantities up to 0.2 cc. incubated 
with 0.6 cc. of toxin failed to prevent death in twenty hours. 


PROTECTION AGAINST LIVING PNEUMOCOCCI 
While the pseudoglobulin of pneumococcus antitoxic horse serum 
was shown by the experiments described to be highly protective to mice 
against the pneumococcus toxin, and commercial antipneumococcus 
serum was without such protective action, the reverse was true in regard 
to infection with living pneumococci. 


A twenty-four hour broth culture of Pneumococcus type I was diluted 1: 5,000 
with saline solution, and mice were given 0.1 and 0.2 cc. intraperitoneally. All 
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mice receiving 0.1 cc. died in forty hours, while all those receiving 0.2 cc. died 
in from sixteen to twenty-four hours. Mice given 0.2 cc. of a 1:20 dilution of a 
twenty-four hour broth culture mixed with 0.0025 cc. of commercial antipneumo- 
coccus serum survived, while mice receiving the same quantity of living pneumo- 
cocci from the same culture mixed with amounts up to 0.2 cc. of antitoxic 
pseudoglobulin died within thirty hours. A mixture of 0.1 cc. of a 1: 1,000 dilution 
of a twenty-four hour pneumococcus culture and 0.2 cc. of antitoxic pseudoglobulin 
injected intraperitoneally did not kill mice, showing that the antitoxin does protect 
against living pneumococci, though less effectually than the commercial antiserum, 


When antitoxic pseudoglobulin solution is mixed with toxin solu- 
tion no visible change occurs, but when the toxin is mixed with com- 
mercial antipneumococcus serum a voluminous precipitate forms. 


COM MENT 


Recently the use of rabbit serum for the treatment of pneumonia 
has been introduced by Horsfall and his co-workers.* It is said to have’ 
a therapeutic worth superior to that of the horse euglobulin pneumo- 
coccus antiserum now in general use, and the theory is advanced that 
this superior therapeutic action is due to a smaller-sized antibody which 
makes the serum more easily diffusible than horse euglobulin. 

It is possible that its content of antitoxin may be of importance. 
Certainly the pseudoglobulin fraction containing the antitoxin is of 
smaller unit makeup than is the euglobulin fraction. It is possible that 
the antitoxin content of rabbit serum is of importance in its therapeutic 
action, although the technic used is not such as would result in the highest 
antitoxin titer. 

It seems from this study that the best procedure in producing 
pneumococcus antiserum in either horses or rabbits would be: (1) to 
immunize the animals to both the pneumococcus bodies and to the con- 
centrated pneumococcus toxin so that both antibacterial antibodies and 
antitoxin would be developed to the best advantage; (2) to so concen- 
trate the serum as to preserve both the euglobulin and the pseudoglobulin 
fraction but to eliminate the albumin fraction, as it contains no 
demonstrated antibodies and but adds to the bulk and toxicity of the 
serum. 

CONCLUSIONS 

Pneumococcus antitoxin is associated with the pseudoglobulin fraction 
of serum. 

Pneumococcus antitoxin protects mice more satisfactorily against 
fatal doses of pneumococcus toxin than does commercial antipneumo- 
coccus serum but does not protect mice against living pneumococci as 
satisfactorily as does commercial antipneumococcus serum. 





3. Horsfall, F. L., Jr.; Goodner, K.; Macleod, C. M., and Harris, A. H.: 
J. A. M. A. 108:1483, 1937. 
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PREPARATION AND PRECIPITIN REACTIONS OF 
SOME CRYSTALLIZED OVALBUMINS 


ARTHUR G. COLE, Pu.D. 


CHICAGO 


In a preliminary report, Hektoen and Cole! recently described 
some experiments on the precipitin reactions of the ovalbumins of the 
pearl guinea fowl and amherst pheasant. Since that time, these experi- 
ments have been extended to include the egg albumins from about ten 
different species of pheasants and other fowl. Of these ovalbumins, 
however, only those of the pearl guinea fowl, amherst pheasant and 
golden pheasant were obtained in crystalline form. This paper deals 
with the precipitin reactions of these crystallized ovalbumins and 
includes results obtained with the crystallized ovalbumin of the chicken 
and with a purified sample of chicken blood albumin. The chicken blood 
albumin is included in these experiments on crystallized ovalbumins 
because Hektoen and Cole * have shown that this protein is immuno- 
logically identical with the noncrystallizable conalbumin found in chicken 
egg white, so that an antiserum against the blood albumin may be used to 
detect the presence or absence of conalbumin in supposedly pure prepara- 
tions of crystallized ovalbumin. 


CRYSTALLIZATION OF OVALBUMINS 


The ovalbumins of the chicken, pearl guinea fowl, amherst pheasant and 
golden pheasant were all crystallized four times by the method previously described 
by me ® for the ovalbumin of the chicken. All but the chicken eggs used in these 
experiments were shipped to Chicago from New England and were probably at 
least a week old before being used. All but the chicken eggs were supplied by 
Mr. Rudyerd Boulton, of the Field Museum of Natural History, Chicago. The 
method of crystallization consists, briefly, in acidifying the separated egg white 
with normal acetic acid until a pu of abcut 4.7 is reached, filtering off the precipitate 
of ovomucin formed and then bringing the filtrate to 40 per cent saturation with 
ammonium sulfate. The precipitate formed at this point is filtered off, the clear 
filtrate brought to the pu best suited for crystallization of that particular ovalbumin 
and then treated with saturated ammonium sulfate sclution to slight opalescence. 
If the pu of the mixture is suitable, crystallization usually begins in a few hours. 
After the mixture has stood for about a week, with occasional stirring, the crystals 
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are filtered off, washed on the filter paper with a solution of ammonium sulfate 
which just fails to give turbidity when tested with some of the mother liquor, 
and then dissolved in distilled water. The solution is then treated with saturated 
ammonium sulfate solution to slight opalescence, brought to the proper fx for 
crystallization by the addition of either dilute acetic acid or dilute ammonium 
hydroxide and again set aside for crystallization. The process of crystallization 
is repeated at least four times, since it was shown by Hektoen and Cole? that 
four crystallizations are required to free the crystallized ovalbumin of the chicken 
from the associated conalbumin. After the final crystallization, the crystals are 
dissolved in distilled water, placed in cellophane bags under toluene and dialyzed 
against distilled water until free from sulfates. The solution is then filtered from 
any precipitate formed during dialysis and the clear filtrate is evaporated to 
dryness at about 40 C. 

In these experiments, it was found that the pearl guinea fowl ovalbumin 
crystallized much more readily than either of the pheasant ovalbumins. At a pu 
of 47, determined with the glass electrode, the crystals were in the form of plates 
and prisms. The ovalbumins of the amherst pheasant and golden pheasant crystal- 
lized at a pu of 4.6. Both of these ovalbumins yielded long, needle-like crystals 
such as are usually obtained with chicken ovalbumin. 


IMMUNIZATION OF RABBITS AND PRECIPITIN' TESTS 


Solutions of the various ovalbumins and of the chicken blood albumin‘ used 
in these experiments were prepared by moistening a weighed sample of the dried 
protein with physiologic solution of sodium chloride and permitting it to stand until 
a gelatinous mass resulted. The mixtures were then made up to the desired 
volume with salt solution, the protein going into solution readily under these 
conditions. All sclutions used were made up to contain 1 per cent protein in 
0.9 per cent sodium chloride solution. 

Rabbits were immunized against the crystallized ovalbumins of the chicken, 
pearl guinea fowl, amherst pheasant and golden pheasant and against chicken blood 
albumin. The rabbits were given intravenous injections of increasing doses of 
the protein solutions, the usual amounts injected being 1, 2, 4, 6 and 8 cc. at 
intervals of three or four days. The precipitin content of the serum was tested 
on the fourth day after the last injection and if it was found sufficiently high 
the animal was bled at once. The precipitin tests were made by the contact 
method, with undiluted serum and progressive dilutions of the antigens in 0.9 
per cent sodium chloride solution, and the results were read after one hour at 
room temperature. All of the precipitin tests described in this paper were carried 
out by Dr. Ludvig Hektoen at the John McCormick Institute for Infectious Dis- 
eases.. The figures given in the tables represent the highest dilutions of the 
antigens which still gave visible precipitates at the interfaces between antigens 
and antiserums under the conditions described. 


RESULTS WITH COMMENT 


An indicated in table 1, the antiserum against the ovalbumin of the 
chicken reacts with the homologous antigen and with the ovalbumin of 
the pearl guinea fowl but not with the other ovalbumins. The immuno- 


4. For the preparation of the chicken blood albumin, see L. Hektoen and 
A. G. Cole (J. Infect. Dis. 40:647, 1927). 
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logic relationship between these two ovalbumins is interesting in view 
of the fact that the chicken and the pearl guinea fowl may be crossed 
with each other. The antiserum against the conalbumin of the chicken 
does not react with any of the crystallized ovalbumins but reacts with 
the mother liquors from these proteins. This indicates that all these 
egg whites contain a protein which immunologically at least is either 
similar to or identical with chicken conalbumin. Judging from the fact 
that chicken conalbumin is itself immunologically the same as chicken 
blood albumin, one may infer that the blood albumins of all these fowls 
will be found to be immunologically related to each other. The fact that 
the crystallized ovalbumins do not react with the conalbumin antiserum 
indicates that this protein, which seems to be a common constituent of 
all these egg whites, is either absent from these preparations of the 


TasLe 1.—Precipitin Reactions of Various Ovalbumins 








Highest Dilution of the Antigen Which Still Gave 
Visible Precipitate at the Interface Between 
the Antigen and the Antiserum Against 
A - = — 


aa i 
Pearl 
Guinea Amherst Golden 
Chicken Chicken Fowl Pheasant Pheasant 
- Oval- Conal- Oval- Oval- Oval- 
Antigen bumin bumin bumin bumin bumin 
IE Nos dig.o dnc 00 n04,00060:0,0 100,000 0 10,000 10,000 10,000 
eee 0 100,000 0 1,000 10,000 
Pearl guinea fowl ovalbumin........... 1,000,000 0 100,000 100,000 100,000 
Mother liquor from pearl guinea fowl 
OES ES gee eae 100,000 10,000 100,000 10,000 100,000 
Amherst pheasant ovalbumin........... 0 0 100,000 100,000 100,000 
Mother liquor from amherst pheasant 
are 0 10,000 10,000 100,000 10,000 
Golden pheasant ovalbumin............ 0 0 100,000 100,000 100,000 
Mother liquor from golden pheasant 


EY © Sra hod os eee np uiedee'ye 0 10,000 10,000 100,000 100,000 





ovalbumins or present only in minute amounts. That it is not entirely 
absent from these preparations of the ovalbumins of amherst pheasant 
and golden pheasant is indicated by the fact that the antiserums against 
these two ovalbumins give slight reactions with chicken conalbumin. 
The antiserums against the ovalbumins of the pearl guinea fowl, amherst 
pheasant and golden pheasant react with all of the heterologous as well 
as all the homologous ovalbumins. In view of these results, one is led 
to the conclusion that the injection of any one of these ovalbumins 
results in the formation either of several distinct antibodies or else a 
single antibody capable of reacting with each of these antigens. In an 
attempt to choose between these possibilities, absorption experiments 
were carried out with the various antigens and antiserums. 


In these experiments, 0.5 cc. of antiserum was mixed with 0.1 cc. of a 1 per 
cent solution of the antigen indicated and after the mixture had stood for one 
hour at room temperature, the precipitate formed was centrifuged off and the 
undiluted supernatant liquid used for precipitin tests with fresh portions of the 
various antigens. 
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The results of the absorption experiments are summarized in tables 
2, 3 and 4. 


ma, * 


Absorption experiments with the antiserum against the ovalbumin 
of the pearl guinea fowl (table 2) indicate that this ovalbumin removes 
all precipitins from the serum while the chicken ovalbumin removes all 
but those against the ovalbumin of the pearl guinea fowl. The addition 
of the ovalbumin of either the amherst pheasant or the golden pheasant 





TasLe 2.—Absorption Experiments with Pearl Guinea Fowl Ovalbumin Antiserum 
Highest Dilution of the Antigen Which Still Gave 
a Precipitate at the Interface Between 
the Antigen and the Pearl Guinea 
Fowl Ovalbumin Antiserum 
—_ A —— WN 
Antiserum Absorbed with 
— A... — 
Pearl Amherst Golden 
Unab- Guinea Pheas- Pheas- 
sorbed Chicken Chicken Fowl ant ant 
Anti- Oval- Conal- Oval- Oval- Oval- 
Antigen serum bumin bumin bumin bumin  bumin 
ee 10,000 0 10,000 0 10,000 10,000 
Clee COMMITEE ccccccccesccctcicces 0 0 0 0 0 0 
Pearl guinea fowl ovalbumin............ 10,000 10,000 10,000 0 10,000 10,000 
Amherst pheasant ovalbumin........... 10,000 0 10,000 0 0 0 
Golden pheasant ovalbumin............. 10,000 0 10,000 0 0 0 


TABLE 3.—Absorption Experiments with Amherst Pheasant Ovalbumin Antiserum 








Highest Dilution of the Antigen Which Still Gave 
a Precipitate at the Interface Between 
the Antigen and the Amherst Pheas- 
ant Ovalbumin Antiserum 
= A - 


Antiserum Absorbed with 


~~ ” ————_—__——— Se 
Pearl Amherst Golden 
Unab- Guinea Pheas- Pheas- 
sorbed Chicken Chicken Fowl ant ant 
Anti- Oval- Conal- Oval- Oval- Oval- 
Antigen serum bumin bumin bumin bumin  bumin 
Chicken ovalbumin ...... pe uve eeaeuien 10,000 0 10,000 0 0 0 
Chicken conalbumin ..................... 1,000 0 0 0 0 0 
Pearl guinea fowl ovalbumin........... 10,600 0 10,000 0 0 0 
Amherst pheasant ovalbumin............ 100,000 =—100,000 10,000 10,000 0 0 


Golden pheasant ovalbumin............. 100,000 10,000 10,000 10,000 0 0 


to the antiserum results in the removal of precipitins for both of these 
proteins but does not affect those for the ovalbumins of either the pearl 
guinea fowl or the chicken. From these results, one may conclude that 
there is a close immunologic relationship between the ovalbumins of the 
amherst and the golden pheasant, and between the ovalbumins of the 
chicken and pearl guinea fowl. 

This close relationship between the ovalbumins of the amherst and 
the golden pheasant and between the ovalbumins of the pearl guinea 
fowl and chicken is indicated again in table 3, which summarizes the 
results of absorption experiments with the antiserum against the 











100 ARCHIVES OF PATHOLOGY 


ovalbumin of the amherst pheasant. In these experiments, the addition 
of the ovalbumin either of the chicken or the pearl guinea fowl to the 
antiserum results in the removal of precipitins for both these proteins 
but does not affect those for either of the pheasant ovalbumins. On 
the other hand, the addition of the ovalbumin of either the amherst or 
the golden pheasant to the antiserum results in the removal of all 
precipitins from the serum. 

The absorption experiments with the antiserum aganist the ovalbumin 
of the golden pheasant, summarized in table 4, do not yield such con- 
clusive results as those with the other two antiserums. With this anti- 
serum, the addition of any one of the crystallized ovalbumins results 
in the removal of precipitins for all of the ovalbumins from the serum. 

From the results of these absorption experiments, one is led to 
the conclusion that the injection of an apparently pure, homogeneous 


Taste 4.—Absorption Experiments with Golden Pheasant Ovalbumin Antiserum 








Highest Dilution of the Antigen Which Still Gave 
a Precipitate at the Interface Between 
the Antigen and the Golden Pheas 
ant Ovalbumin Antiserum 
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iaiiibes ive dabei . 
Pearl Ambherst Golden 
Unab- Guinea Pheas- Pheas- 
sorbed Chicken Chicken Fowl ant ant 
Anti- Oval- Conal- Oval- Oval- Oval- 
Antigen serum bumin bumin bumin bumin  bumin 
CREE GUGTRIUMEED oie vicccccccccccvatese 10,000 0 10,000 0 0 0 
Ohieken comalbumin ........ccccccssccese 10,000 10,000 0 10,000 10,000 10,000 
Pearl guinea fowl ovalbumin............ 10,000 0 10,000 0 0 0 
Amherst pheasant ovalbumin............ 10,000 0 10,000 0 0 0 
Golden pheasant ovalbumin............. 10,000 0 10,000 0 0 0 





antigen may give rise to a number of distinct precipitins. This con- 
clusion is in accord with that reached by Hooker and Boyd ®* from the 
results of their work on chicken and duck ovalbumins, and by Land- 
steiner ° in his work on the azoproteins. The appearance of such mul- 
tiple precipitins on injection of a pure, homogeneous antigen may be 
explained in a number of different ways. One possibility is that each 
of the ovalbumins contains a number of reactive groups, of the nature 
of Landsteiner’s haptens, each of which gives rise to a precipitin specific 
for that group. Another possibility is that each of the proteins studied 
is not a pure chemical individual but a mixture of closely related com- 
ponents, as was shown by S¢grensen * to be the case with preparations of 
crystallized horse serum albumin. In either case, cross reactions between 


5. Hooker, S. B., and Boyd, W. C.: J. Immunol. 30:41, 1936. 

6. Landsteiner, K.: The Specificity of Serological Reactions, Springfield, 
Ill., Charles C. Thomas, Publisher, 1936. 

7. Sgrensen, S. P. L.: Compt. rend. d. trav. du lab. Carlsberg, s. Physiol. 
18:16, 1930. 
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the various ovalbumins would be explained by the presence of similar 
reactive groups or of similar components in the protein preparations 
studied. I am not in a position to state which, if either, of these pos- 
sibilities is responsible for the results obtained in these experiments. 


SUMMARY 


Ovalbumins of the pearl guinea fowl, amherst pheasant and golden 
pheasant were obtained in crystalline form. Each of these egg whites 
contains, besides a crystallizable ovalbumin, a noncrystallizable albumin 
which is immunologically similar to, or identical with, chicken con- 
albumin. 

An antiserum against chicken ovalbumin reacts with the ovalbumin 
of the pearl guinea fowl but not with the pheasant ovalbumins. Anti- 
serums against the ovalbumins of the pearl guinea fowl, amherst 
pheasant and golden pheasant react with all of the crystallized 
ovalbumins. 

Absorption experiments with antiserums against the ovalbumins of 
the pearl guinea fowl, amherst pheasant and golden pheasant indicate 
that the ovalbumins of the pearl guinea fowl and chicken are immuno- 
logically closely related and that the ovalbumins of the two pheasants 
are related to each other. They also indicate that injection of any one 
of these ovalbumins results in the appearance of multiple precipitins in 
the antiserums. 
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AORTIC STENOSIS, ATRESIA AND ADULT 
COARCTATION ASSOCIATED WITH A 
TRILOCULATE HEART 


GEORGE J. RUKSTINAT, M.D. 


CHICAGO 


Anomalies of an organ afford one of the most intriguing opportuni- 
ties for anatomic study. There is always keen interest in a physical 
aberration and in the detection of the gross and microscopic details of 
aberrant structure. In the aberrant organ or its related systems there 
are manifest not infrequently, bizarre physiologic adjustments stimu- 
lating ingenuity in their explanation. The adaptation in function to 
altered form often evokes admiration. 

To establish the time of departure from the natural order in a 
complex evolutionary scheme, the aid of embryology must be enlisted. 
Despite the aids of this science in establishing an anatomic basis for 
anomalies, there survives in many a hint of mystery. This is especially 
true in the heart, where the complicated ontogenesis increases the diffi- 
culty of interpreting maldevelopments. 

As is well known, the heart develops in utero to a stage capable of 
sustaining fetal life. Here the simple cardiac tube, by a series of bends, 
supplemented by tissue buds to form valve leaflets and by septal mem- 
branes to form chambers, eventually emerges as an organ capable of 
maintaining circulation even in the hazardous passage through the birth 
canal. The ill timed appearance or the insufficient or excessive produc- 
tion of leaflet tissue, or the incomplete closure of the septums may lead 
to irreparable vagaries in structure. Life may be maintained in the 
womb because the circulatory demands in the respiratory system are 
minimal, but the transitional period in extrauterine existence when this 
system assumes its full functions is crucial. For this reason, a large 
percentage of infants with malformed hearts die soon after birth. 

There is a wide variation in the frequency of different cardiac and 
vascular defects and in their effects on the body in which they occur. 
Thus, adult coarctation of the aorta, the most common anomaly within 
the scope of this report, is found once in 1,550 autopsies.’ According 
to Bonnet,” aortic coarctation of the adult variety frequently is asso- 


From the Norman Bridge Pathological Laboratory, Rush Medical College, 
University of Chicago. 
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ciated with relatively minor anomalies, such as a biscuspid aortic valve, 
an anomalous origin of the vessels of the arch, a persistent left superior 
vena cava, defects of the aortic septum and subaortic stenosis. These 
alterations are part of a series of vascular imperfections which result 
from delayed involution. The coarctation itself is the result of a 
similar process in the primitive left aorta which unites the left fourth 
(aortic) arch with the fifth and sixth arches. 

Interest in this condition has served to keep the statistics concerning 
it up to date. Hamilton and Abbott * found 200 cases recorded in the 
literature up to 1928. Benkwitz and Hunter * were able to find 75 addi- 
tional instances recorded in the interval to 1937. The condition is com- 
patible with a long life and hard work, even when developed to an 
extreme degree, and often it is associated with a dramatic death. Thus, 
Pierce * reported the condition in a coal miner; Knoevenagel ° encoun- 
tered it in a vineyard laborer. Ernstene and Robins ® studied it in a 
teamster. The latter authors added postmortem roentgenologic studies 
which clearly demonstrate the site of coarctation and the extreme tor- 
tuosity of the intercostal arteries which bore the burden of the collateral 
circulation. The inferior borders of the ribs were extensively eroded 
by pressure from the dilated arteries. 

Another feature of this aortic narrowing or occlusion is the tre- 
mendous increase in the size and weight of the heart. Levine’ found a 
heart weighing 150 Gm. associated with aortic coarctation in the body 
of a child 10 months old. The normal weight of the heart should have 
been slightly over 34 Gm. The more rapid forms of death often 
accompany these huge enlargements of the heart. Abbott * found 20 per 
cent of the deaths due to spontaneous aortic rupture and 13 per cent 
due to cerebral embolism. The latter results from mural thrombosis 
of the markedly sclerotic aortic root or from aortic endocarditis, which 
is not infrequently associated with a biscuspid valve. The extremes of 
life in this series were 3 and 92 years. Sala and Nachamie® more 
recently reported the presence of adult coarctation in a child 6 months 
old. 

In striking contrast to the longevity compatible with aortic coarcta- 
tion is the precarious lease on life of the infant born with aortic stenosis. 


3. Benkwitz, K. B., and Hunter, W. C.: Am. J. Path. 13:289, 1937. 
4. Pierce, W. F.: J. A. M. A. 108:830, 1934. 
. Knoevenagel, E.: Berl. klin. Wehnschr. 15:525, 1878. 
6. Ernstene, A. C., and Robins, S. A.: Am. J. Roentgenol. 25:243, 1931. 
7. Levine, H. D.: Am. J. Dis. Child. 48:1072, 1934. 
8. Abbott, M. E., in Osler, W.: Modern Medicine, ed. 3, Philadelphia, Lea 
& Febiger, 1927, vol. 4, p. 745. 
9. Sala, A. M., and Nachamie, I.: Arch. Int. Med. 43:420, 1929. 
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Abbott * summed up the situation as follows: “Aortic stenosis of ante- 
natal origin is not common and the duration of life with it is very 
short.” Ballantyne *° stated, “Aortic stenosis . . . may be situated 
at the orifice (coalescence of the semilunar valves to form a diaphragm) 
or in front of it (conus or pre-orificial part), which is very rare. Com- 
plete obliteration of the aortic orifice has also been noted, but it, like- 
wise, is rather rare.” The more detailed discussions of aortic stenosis 
include those of Schwalbe ** and Monckeberg *? in the Henke-Lubarsch 
Handbuch. The former groups stenosis into three categories: that in 
the beginning of the aorta, from the conus to the cusps; that in the region 
of the ductus Botalli, and general hypoplasia. Atresia of the aortic 
ostium is the rarest combined form. Rauchfuss was cited as having 
recorded 15 cases in the literature, while Vierordt claimed that there 
had been only 10 cases. There have been 10 clearly demonstrated cases,"* 
and about half of them have been included in the encyclopedic works 
on anomalies. With the exception of Apert,’*£ whose patient lived to 
the age of 4 months, most of the authors have reported that death 
occurred within a few days after birth. 

The condition of cor biatriatum triloculare includes a group of intra- 
cardiac anomalies which make the heart, in effect, three chambered, 
with two auricles and one ventricle. The interventricular septum is 
either absent or so poorly developed as to be ineffectual. The com- 
monest associations of this sort of defect are transposition of the arterial 
trunks and pulmonary stenosis of various grades. A rudimentary sec- 
ond ventricle has been described repeatedly but is not always demon- 
strable. Recent studies of this condition include those by Mills ** and 
Favorite.” 

The relative frequency of the anomalous entities briefly reviewed in 
the foregoing paragraphs was as follows in 1,000 cases of congenital 





10. Ballantyne, J. S.: Antenatal Pathology and Hygiene, Baltimore, William 
Wood & Company, 1905, vol. 2, p. 501. 

11. Schwalbe, E.: Morphologie der Missbildungen des Menschen und der 
Tiere, Jena, Gustav Fischer, 1909-1913, vol. 2, p. 450. 

12. Moénckeberg, J. G., in Henke, F., and Lubarsch, O.: Handbuch der 
speziellen pathologischen Anatomie und Histologie, Berlin, Julius Springer, 1924, 
vol. 2. 

13. (a) Conton, E.: Tr. Path. Soc. London 2:38, 1848-1849. (b) Shattuck, 
S. G.: ibid. 32:38, 1881. (c) Meyer, A.: M. Rec. 23:428, 1883. (d) Ziegen- 
speck, R.: Arch. f. Gynak. 3:111, 1888. (¢) Klipstein, L.: Zwei Falle von 
congenitaler Herzmissbildung, Inaug. Dissert., Berlin, Georg Schade, 1889. (f) 
Apert, E.: Bull. Soc. anat. de Paris 70:683, 1895. (g) Pulstinger, F.: Ein 
Fall von congenitaler Missbildung des Herzens, Inaug. Dissert., Munich, C. Wolf 
& Sohn, 1904. (h) Wesson, H., and Beaver, D. C.: J. Tech. Methods 14:86, 
1935. (i) Wiglesworth, F. W.: ibid. 15:153, 1936. 

14. Mills, E. S.: J. M. Research 44:257, 1923. 

15. Favorite, G. O.: Am. J. M. Sc. 187:663, 1934. 
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cardiac disease analyzed by Abbott **: adult coarctation, 105; aortic 
stenosis, 11; aortic atresia, 14; cor triloculare, 27. From a thorough 
survey of the literature it is apparent that cases of cor triloculare con- 
stitute the greater proportion of all reported cases with the exception 
of those of coarctation. A combination of these anomalies in one body 
is rare and offers an unusual opportunity for anatomic study. 


REPORT OF A CASE 


The. heart in which this group of anomalies occurred was found at necropsy 
in the body of a girl 3 days of age. The clinical history indicated a normal pre- 
natal period with delivery in the home. The child was 50 cm. long and 
weighed 3.6 Kg. She was slightly cyanotic immediately after birth. The cyanosis 
deepened on the second day, and the child became listless. The third day inhala- 
tions of oxygen and stimulants failed to revive her, and she died apparently from 
asphyxia. 

At the postmortem examination the skin was markedly cyanotic, and there 
were petechial hemorrhages of the deep tissues of the scalp and of the falx 
cerebri. The kidneys contained uric acid “infarcts.” The lungs were dripping 
with blood, and the dorsal third of each was not at all crepitant. The right 
weighed 45 Gm.; the left, 40. 

The heart was 4.5 cm. from apex to base and 3.6 cm. broad. It possessed 
two auricles and two auricular appendages. Both these structures on the right 
side were almost twice the size of those on the left. The pulmonary artery was 
dilated to 21 mm. in circumference in its proximal 14 mm. (Ab in figure) and 
gave off the right branch 8 mm. and the left 9 mm. from its origin. The aorta 
abruptly narrowed to 10 mm. in diameter and, 15 mm. from the leaflets, was 
partially closed by a diaphragm with a central oval opening, 1 mm. wide and 
2.55 mm. high (Bc in figure). The partition was finely corrugated and had a 
slope of 45 degrees toward its anterior-distal edge. Proximal to it, the superior 
edge of the vessel formed a trilocular bulge, from which the large vessels of the 
aortic arch started. Posteriorly and at the proximal edge of the perforated 
diaphragm was an opening 0.5 mm. in diameter for the aorta. This vessel was 
0.5 mm, in inside diameter, pursued a normal course and had three semilunar 
cusps, each 0.7 mm. in width, but with no opening into the single ventricle. There 
were openings for the coronary arteries from two sinuses of Valsalva, which 
together with the third formed a bulbous pocket. Distal to the sloping partition, 
which terminated the ductus arteriosus, the vessel continued as the thoracic aorta, 
giving off the intercostal arteries and other branches in normal fashion. 

The heart had two auricles. The venae cavae entered the right, and two 
groups of pulmonary veins entered the left. There was an opening 1 cm. in 
diameter between the auricles, and in its anterior and the front third of the 
basal quadrants there was a smooth ridge, 5 mm. broad and 2 mm. high. From 
this ridge, filamentous bands of endocardium stretched to the thin septum extend- 
ing inward from 4 to 6 mm. from the posterior quadrant. The aperture was only 
about one-third closed by a combination of these structures. 

There was only one ventricle, and this was provided with a single auriculo- 
ventricular valve on the right side. The valve opening was a slit 2.7 cm. long 
and was guarded by three leaflets, two of which were 7 mm. and one 2.9 mm. 

16. Abbott, M. E.: Atlas of Congenital Cardiac Disease, New York, American 
Heart Association, 1936. 
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In A the relative sizes of the aorta (a) and the pulmonary artery ()) are shown 
as viewed from the right and behind. B shows the single ventricle (a), the pul- 
monary artery (b), the perforated diaphragm of the aorta (c) and the bulbous 
dilatation of the aorta from which the vessels of the arch arose at d. 
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wide. The nine papillary muscles varied greatly in size; five of them sent only 
one chorda tendinea to the leaflets, while the rest sent from four to seven. The 
largest two muscles emanated from a common ridge, 7 mm. wide at the base, 
5 mm. wide at the apex and 2.2 mm. long. The basal end merged with the 
cardiac muscle for 8 mm. proximal to the pulmonary valve leaflets. The papillary 
muscle which arose from the apical end of this muscle base was the most normal 
and sent six chordae tendineae to the large anterior leaflet. Aberrant chordae 
tendineae crossed between the papillary muscles in six places and complicated the 
bizarre picture. Nothing that resembled another ventricle was evident. 

In paraffin sections stained with hematoxylin-eosin, phosphotungstic acid- 
hematoxylin and methyl violet-orange G, the following observations were made 
in representative regions: In the myocardium of the left ventricle, near the 
atrioventricular junction, the muscle fibers were regular and small with elongated 
nuclei. Between these fibers the capillaries were markedly distended with red 
blood cells, and about these were sparse hemorrhages of from 20 to 50 cells. 
The veins were hugely distended; some had beadlike bulgings from the tremen- 
dous engorgement. In the pericardium there was separation of the connective 
tissue fibers by edema and occasional collections of from 6 to 8 small lymphocytes. 

In sections through the pulmonary artery at the bulbous portion and aortic 
edge of the coarctation, there was edema of the intima and subintima. In some 
places the intima was as thick as 0.4 mm. while the thickness of the vessel wall 
was only 1.5 mm. Most of the intimal cells were at right angles to the long 
axis of the vessel, except those bordering the aortic lumen and media. In one 
place opposite the insertion of the aorta into the ductus arteriosus and pulmonary 
artery there was fraying of the inner half of the media and between the muscle 
fibers were red blood cells. There were sparse sprinklings of small lymphocytes 
along the vasa vasorum in a few places. 

In a section of aorta at the level of the fourth intercostal artery the intima 
was only from 1 to 3 cells thick, and there was no profuse right-angled growth 
such as was seen at the site of constriction. Numerous sections of myocardium 
from various regions, including the capillary muscles, were without noteworthy 
change. 

COMMENT 

Cardiac anomalies are usually placed in two categories: the strictly 
developmental ones and those resulting from inflammation. The com- 
bination of changes encountered in the heart just described must in the 
main be regarded as developmental. The region most susceptible to 
change by infection is the aortic orifice, here atretic. The nearest 
parallel is found in an instance of pulmonary atresia reported by von 
Zalka.1* He, however, found thickened tricuspid leaflets in a child 2 
days old. In the myocardium of the right ventricle there were chronic 
inflammatory changes, and the endocardium was thickened and highly 
cellular. From the endocardium thick connective tissue bundles invaded 
the myocardium spreading out like a broom between the muscle cells. 
In his investigations of 14 cases, he found 8 in which the abnormality 
was explainable as purely an anomaly. In 6 others, including the one 
which he reported, the changes were apparently due to endocarditis. He 


17. von Zalka, E.: Frankfurt. Ztschr. f. Path. 30:144, 1924. 
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believed that endocarditis started the process and myocarditis followed. 
Peters ** described endocarditis of a transposed pulmonary artery in a 
triloculate heart. This, however, occurred in a woman 20 years old. 

Marked hyperplasia of the endocardial elastic tissue of the left 
auricle and ventricle was reported by Wiglesworth * in his case of 
aortic atresia. This was evident grossly and represented a marked over- 
growth of the type of tissue normally present. The corrugated appear- 
ance of the ductus arteriosus was due to regular breaks in the continuity 
of the circular elastic tissue layer. Such a ridging was apparent in the 
heart reported on now. 

The heart most nearly paralleling functionally the one described 
here was cited by Abbott and Dawson.'’® The course of circulation in 
the heart I have presented must have been as follows: Venous blood 
entered the right auricle and mixed with blood which entered from the 
left auricle through the foramen ovale. Then the blood passed through 
the single atrioventricular (tricuspid) valve into the single ventricle 
and out into the pulmonary artery to the lungs. Through the ductus 
arteriosus blood got to the vessels of the arch, to the thoracic part of 
the aorta through the oval hole in the coarctation, and to the aortic root 
in retrograde manner, and thus through the coronary arteries. 


SUMMARY 


A heart with five major anomalies is described. The condition is 
unusual because of the infrequency of some of the aberrations and 
because of their rare combination. The alterations are regarded as 
developmental because the changes are not sufficient to be suggestive 
of an inflammatory basis. 


18. Peters, M.: Zentralbl. f. allg. Path. u. path. Anat. 62:52, 1935. 
19. Abbott, M. E., and Dawson, W. T.: Internat. Clin. 4:156, 1924. 








COURSE OF EXPERIMENTAL TUBERCULOUS 
INFECTION IN GUINEA PIGS 


PATHOLOGIC CHANGES PRODUCED BY MASSIVE INTRAVENOUS 
INJECTIONS OF VIRULENT AND AVIRULENT 
TUBERCLE BACILLI 


H. J. CORPER, M.D. 
DENVER 


The pathologic changes produced by tubercle bacilli still offer 
many phases of profound interest to the investigator, because certain 
factors in experimental analysis are dependent on poorly defined 
mechanisms, and technical difficulties render facile solution apparently 
impossible. However, a better understanding of the tubercle bacillus 
and more delicate technical methods for obtaining suitable preparations 
of tubercle bacilli for tests offer the possibility of disclosing new or of 
verifying accepted facts. Thus, quantitative observations have proved 
particularly pertinent in defining the avirulent tubercle bacillus, such 
as Mycobacterium nusquam phymatiosis (varieties BCG, R* [Trudeau] 
and “human” [Corper*]), on the basis of the division of the bacilli 
and the tubercle formation in a susceptible host. Within recent years * 
it has been possible to point out the fallacy of calling all acid-fast bacilli 
tubercle bacilli and also to note that progeny of human and bovine 
tubercle bacilli grow only in the vicinity of 37 C. and not at 25 C. 
(room temperature ). 

Within the past few decades, three strains have been studied 
exhaustively, and it is now possible to define the Calmette-Guérin 
bacillus as an avirulent bovine tubercle bacillus,* R* (Trudeau) of 
Saranac Lake as an avirulent human tubercle bacillus * and “Human” 
(Corper*®) as an avirulent human tubercle bacillus. These definitions 


From the Research Department, National Jewish Hospital. 
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apparently will hold, for academic purposes at least, until such time 
as an acceptable method is defined and demonstrated for producing a 
ready and rapid transition within a reasonable time from avirulent to 
virulent forms. Even the transition from virulent to avirulent forms, 
which is naturally accomplished with many strains (though not all °*) by 
prolonged artificial cultivation, cannot be hastened or directed by any 
defined method.® The inherent mechanism and nature of virulence in 
the human or the bovine tubercle bacillus are not definable or exactly 
understood as yet. j 
CELLS INVOLVED 

Regarding the cellular reactions to the tubercle bacillus it is 
acknowledged now that the responses can range from acute granu- 
locytic reactions (previously considered caused by secondary active 
invaders) to those characteristic of the tubercle and of epithelioid cell 
nature and finally to fibrotic proliferations. These responses are 
affected materially not only by the number of bacilli but also by the 
reaction of the host, being more acute, or exudative, in the so-called 
allergic or reinfection periods.’ 

Apparently many cells are able to participate, but the purity of such 
participation is a matter of varying percentages and has led to much 
confusion in the past. According to Opie,* the immediate local changes 
of the tissues in response to tubercle bacilli resemble very closely the 
changes that follow other bacterial invasions and are identical with 
those that occur at the onset of inflammation produced by a great 
variety of irritants. In 1931, Fried® observed that the “primitive 
tubercle” in the rabbit’s lung was found within five minutes after aero- 
genous infection, the lesion being intra-alveolar and producing “paren- 
chymatous alveolitis”, The cells that primarily respond to the acid-fast 
bacilli are those commonly designated as respiratory epithelium. Fried 
felt that observers were still uncertain not only of the strain but also 
of the source of the cells of which the primitive pulmonary tubercle 
is made up. 

Obviously, a consideration of the individual cells involved will lead 
one into difficulties if one realizes their close interrelationship. Although 
such a study would be of academic value, it might confuse the aims 
of the study proposed, which is to compare the reactions produced by 
massive intravenous injections of avirulent and virulent human tubercle 
bacilli. 


6. Personal experiences over twenty years of cultivation of a large number 
of strains of human and bovine tubercle bacilli. 
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COURSE OF REACTIONS AS RECORDED BY OTHERS 

Pertinent to this subject may be cited several recent papers. One by 
Clawson ?° shows that under certain conditions (particularly the allergic 
state) repeated injections of BCG (even heat killed) in amounts of 1 
mg. intravenously into rabbits can produce microscopic tubercles (par- 
ticularly in the lungs), but organisms are not found in stained sections 
when the animals are killed after three weeks. Reports of quantitative 
bacterial relations and pathologic descriptions are lacking in this study, 
however. Likewise, in 1935 a study *' was reported in which rabbits 
were given intravenous injections of a suspension (amount or division 
unknown) made in a mechanical shaker by using “comparable por- 
tions of bacteria,’ and focal tubercles and nodules containing acid-fast 
bacilli were found in the lungs after one hundred and seventy-four days; 
it was suggested “that under certain conditions, which are more or less 
obscure, the Bacillus Calmette-Guérin has the ability to cause the for- 
mation in the lungs of rabbits of definite lesions . . . not .. . 
unlike those of genuine tuberculosis.”” The localized distribution “would 
indicate that the acid-fast bacteria found in the tissues of the involved 
lungs either were dead or were in a state of greatly reduced vitality” 
(because negative cultures were secured). These conclusions are specu- 
lative and apparently due to an inadequate understanding of either 
the suspension used, which must have contained many lumps, or the 
value of the culture methods. It is doubted whether large numbers 
of the bacilli were not still alive at this interval even with avirulent 
bacilli,’? because of the amount used and the unavoidable lack of fine 
division. However, the conclusions on the lack of virulence of BCG 
for animals are apparently sound even though they were reached in a 
devious and uncertain way, without determining the essential funda- 
mental conditions present. 

Quite recently, Rosenthal ** reported on the focal and general tissue 
responses of guinea pigs to BCG after the intracardiac injection of 
from 10 to 15 mg. At various intervals of from ten minutes to four- 
teen months histologic sections were made and stained with hema- 
toxylin-eosin and with carbolfuchsin for tubercle bacilli. Study of these 
sections showed a general histiocytic response, manifest most promi- 
nently in the septal cells of the lungs, Kupffer cells of the liver, 
endothelial and reticulum cells of the kidneys and spleen, and histiocytes 
of the endocardium and epicardium. This general response of the 
reticulo-endothelial system Rosenthal ascribed to submicroscopic forms 
of bacilli. The number of bacilli and the organ involved determined the 


10. Clawson, B. J.: Arch. Path. 19:673, 1935; 20:343, 1935. 

11. Feldman, W. H.: Am. Rev. Tuberc. 31:323, 1935. 

12. Corper, H. J., and Uyei, N.: Am. Rev. Tuberc. 18:672, 1928. Corper and 
Cohn.5@ 

13. Rosenthal, S. R.: Arch. Path. 22:348, 1936. 
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proliferative or exudative character of the nodule to a large extent. 
Lymphocytic infiltration of the tubercle was associated with healing of 
the process. 

In the lungs, where he believed the clumps of bacilli increased up 
to about forty-eight hours, the numbers of organisms decreased after 
three days, were scarce at five days and could not be found by the end 
of the fifteenth to twenty-fifth day on microscopic examination. His 
cultural studies appeared to have been rather inadequately performed. 
He details the cellular responses, with early accumulation of granu- 
locytes, swelling of histiocytes in three hours and development of nodules 
by the sixteenth hour. At from twenty-four to seventy-two hours, 
granulocytes and histiocytes were about equal in numbers, and 
phagocytosis of the former by the latter was frequent. By the end of 
the first week, multinuclear giant cells, as well as Langhans giant cells, 
were present, composed of epithelioid cells and lymphocytes. At from 
fifteen to twenty-four days, bacilli as well as granulocytes were rare. 
The tubercles were smaller than before, and the reduction of the nodules 
progressed as the number of lymphocytes increased. At the end of the 
third month, acid-fast granules, epithelioid cells and lymphocytes dis- 
appeared. Fibrosis and caseation rarely occurred, and restitution was 
complete. 

In the liver, the bacilli were few; cellular reactions were of a milder 
type; tubercles, which were composed of proliferated histiocytic ele- 
ments, were smaller, although they persisted longer than in the lungs. 
In the spleen, the bacilli disappeared rapidly, being few after three 
hours and already acid negative. Tubercle formation was rarer than 
in the liver, although bacilli were frequently found in large numbers. 
The follicles showed proliferation and became indistinct, and the endo- 
thelial cells of the sinuses revealed increased activity ; finally, there was 
evidence of an increase in fibrous tissue. 

Rosenthal believes that large numbers of bacteria are associated 
with granulocytes, small numbers with histiocytes and regression with 
lymphocytes. The complete disappearance of the lesions produced by 
BCG took place in from one to three months. Fibrosis was rare and 
not essential to the healing of these tubercles. Great similarity was 
noted between the tubercle formed by avirulent and that by virulent 
tubercle bacilli. Grossly, the miliary tubercles produced by BCG were 
about 1 mm. in diameter and appeared in the lungs, liver, kidneys, 
spleen and lymph nodes, in the order named, after the first and third 
weeks and were rare after the first month. The miliary nodules pro- 
duced by virulent organisms were usually much larger and showed 
zones of hyperemia, fibrous, hyaline or specific capsules and softening 
in the central portions. The tubercle formation, caseation, fibrosis and 
calcification in lymph nodes following injection of a virulent strain of 


tubercle bacilli are well known. 
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CRITICAL CONSIDERATIONS 


It is evident from these recorded findings that the suspension used 
for intracardiac injection was fairly coarse. The experience of many 
years in preparing suspensions of tubercle bacilli has made it evident 
that, although fine suspensions of human tubercle bacilli can be obtained 
when a few milligrams of organisms are used for grinding, it is more 
difficult to avoid lumps ** with bovine bacilli (this includes BCG). As 
the amount used for grinding is increased from 1 to 100 mg., the occur- 
rence of lumps of fairly large size in the suspensions becomes unavoid- 
able even with human tubercle bacilli. Accordingly, all interpretations 
based on the use of such suspensions must be evaluated carefully with 
this in mind.’° 

Another factor which should be given due consideration in any 
study concerning the cellular or the tissue reactions in tuberculosis, 
particularly, is the so-called threshold of formation of tubercles by the 
bacilli *® and the status of the host at the time of test *» (whether pre- 
viously sensitized or not). In addition, the organic reaction may play 
a significant part '* except when organs of the same kind are being 
compared. For the purposes at hand, it may be said that the approxi- 
mate threshold of local macroscopic tubercle formation in the skin of 
normal guinea pigs is about from 0.001 to 0.01 mg. of tubercle bacilli 
and that microscopic tubercles can develop with about one thousandth 
to one hundredth of this amount. The limitations of microscopic exam- 
ination of tissue sections for tubercle bacilli were pointed out previously 
in comparing the accuracy of the guinea pig and the culture.’* It is 
obvious from all this that development of tubercles is a crude index of 
the presence of tubercle bacilli and that search for the bacilli with the 
microscope offers a far less efficient means of discovering them than 
culture of suspected tissues (for viable human or bovine tubercle bacilli) 
or inoculation of guinea pigs (for viable virulent bacilli). 

With these facts established, it is possible to evaluate better the 
results of massive intravenous injections of avirulent human tubercle 
bacilli. 

EXPERIMENTAL METHODS 

Previous experiments had demonstrated that the intravenous injection of fine 
suspensions of avirulent human tubercle bacilli (“Human”) into normal guinea pigs 
in amounts up to 1 mg. (single injection) was without apparent effect on the well- 
being of the animals or in producing evident macroscopic or microscopic tubercles. 


14. Corper, H. J., and Cohn, M. L.: Am. J. Hyg. 18:1, 1933; J. Lab. & Clin. 
Med. 21:428, 1936. 

15. Finnoff, W. C.: Am. J. Ophth. 7:81, 1924. 

16. Corper, H. J., and Clark, C.: Am. J. Clin. Path. 6:231, 1936. 

17. Corper, H. J.: J. A. M. A. 89:1756, 1927 

18. Corper, H. J.: J. A. M. A. 91:371, 1928. 
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These previous studies made it desirable to note the differences produced by large 
intravenous injections (100 mg.) of avirulent human tubercle bacilli (“Human”). 

For comparison, a highly virulent strain of bacilli was used, capable of pro- 
ducing generalized progressive tuberculosis in guinea pigs in amounts as small 
as 0.000,001 mg. or less. 

The main difficulty encountered in such an experiment was the inability to 
make suspensions of this magnitude (100 mg.) without lumps of considerable size 
relatively, since the volumes of liquid used in the guinea pig could not be excessive 
(from 10 to 20 cc. was the maximum for such purposes). 

The intravenous injection was made into the ear vein of the guinea pig. The 
27 gage needle used precluded suspensions with large lumps capable of clogging 
the needle or of settling before the total injection could be consummated. The 
injections had to be given slowly, not exceeding 1 cc. per minute, or the guinea 
pig would succumb as a result of the injection itself. However, with proper per- 
formance, 100 mg. amounts could be given to guinea pigs intravenously with 
few immediate fatalities. 

As a preliminary to the pathologic studies, it appeared desirable for purposes 
of correlation to note whether any appreciable diminution in the viability of 
the bacilli occurred, and accordingly the summarized results presented in the 
accompanying table are pertinent. Only the findings with the liver and spleen 
are recorded, since an attempt was made to note the effect on the results by grinding 
these tissues well and diluting them 1:1, 1:10 and 1: 100 before culturing. Like- 
wise, three different culture mediums were used: an inspissated egg yolk, capable 
of yielding growth from plantings as small as 0.000,000,01 mg.; a gentian violet— 
whole egg medium, yielding growth in plantings as small as about 0.000,01 mg. 
(due to the static action of the dye) and glycerol-broth-agar, requiring plantings of 
about 0.1 mg. of bacilli for obtaining positive results.‘ Thus, by dilution tests 
on these organs and with the use of mediums of different quantitative quality, it 
was hoped that the results would be more determinative of loss of viability in the 
bacilli. 

OBSERVATIONS 

The results of the study of viability of the bacilli recorded in the 
table show no striking reduction in the numbers of organisms in the 
liver and spleen of the guinea pig within a month after intravenous 
injection of large numbers of avirulent human tubercle bacilli in amounts 
of from 0,01 to 100 mg., although there is a gradation in the amount 
present dependent on the amount given. The amount given, however, 
has a striking effect on the amount found in the blood, where it persists 
for one month. On the other hand, when highly virulent human tubercle 
bacilli are given in large amounts (100 mg.) intravenously, even though 
death usually occurs before fifteen days have elapsed, there is definite 
evidence of increase in the numbers of organisms in the tissues of the 
liver and spleen and of persistence and increase in the blood (probably 
resulting from growth in the tissues and not in the blood itself). 

In further elaboration of the foregoing observations, the cultural 
results on guinea pigs examined at longer intervals will be elucidative 
in showing that just as these bacilli disappear in viable form from 





19. Corper, H. J., and Uyei, N.: J. Lab. & Clin. Med. 13:469, 1928, 
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the skin of man and animals *° in about six to nine months after the 
injection of tubercle-forming amounts, so also do they disappear or 
become markedly reduced in numbers in the organs after intravenous 
injection of large amounts. However, even in a lightly seeded organ 
such as the kidney an occasional lump of bacilli may persist and pro- 
duce surprising results (noted later in regard to an animal given 175 
mg.)—due possibly to the persistence of the lump in a secluded place 
in the organ. 


A guinea pig given intravenously 25 mg. of a fine 21 suspension of avirulent 
“Human” tubercle bacilli grown on the water-egg medium was killed fifteen and 
a half months later, and cultures from the lungs, liver, spleen and kidneys were all 
negative on the egg yolk medium, which is capable of disclosing less than 
0.000,000,1 mg. Another guinea pig that had received intravenously 175 mg. of a 
fine 21 suspension of avirulent “Human” tubercle bacilli (grown on the water-egg 
medium) and been killed after fifteen months gave the following results on egg 
yolk medium: lung, 3-0 (same gradings as used in the table) ; liver, 4-5-0; spleen, 
4-4-0, and kidney, 0-0. Another guinea pig given intravenously 100 mg. of 
“Human” tubercle bacilli grown on broth-egg medium and killed after ten months 
yielded the following results on egg yolk medium: lung, 5-5; liver, 3-4-0; spleen, 
8-7-0, and kidney, 4-4 (the 1: 100 dilution of tissue was not tested in this organ). 
It is obvious that there is a decided contrast between these findings for the 
presence of the viable avirulent bacilli and those up to one month (shown in the 


table). 


Before dwelling on the pathologic changes produced by the intra- 
venous injection of large amounts of tubercle bacilli, it may be well to 
point out briefly an interesting finding regarding the cultural condi- 
tioning of the bacilli. The type of medium on which the bacilli are 
grown may lead to certain erroneous deductions regarding their viru- 
lence. The details of the nature of this factor are not known but it 
strikingly affects the lethality of the bacilli when they are given in large 
amounts, particularly intravenously. It was noted recently that aviru- 
lent “Human” tubercle bacilli grown on an inspissated broth-whole egg 
medium were more resistant to chemicals (acetic acid) and to heat than 
the same bacilli grown on an inspissated water-whole egg or glycerol- 
broth-agar medium.” No explanation was offered for this difference 
at the time. The numbers of viable bacilli in equivalent weights of 
culture were about the same as determined by a delicate cultural test. 

Since only the pertinent results of the intravenous injection into 
guinea pigs of large amounts of avirulent human tubercle bacilli grown 
on different mediums are essential to a better understanding of the 


20. Corper, H. J.; Cohn, M. L., and Damerow, A. P.: Am. J. Clin. Path. 
7:360, 1937. 

21. The term “fine suspension” used in this paper is comparative. The amount 
of 10 mg. per cubic centimeter or over prohibited absolutely lump-free suspensions. 

22. Corper, H. J., and Cohn, M. L.: J. Bact. 35:223, 1938. 
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problem at hand, the details of an extensive investigation will be 
reserved for a subsequent publication. 

When avirulent “Human” tubercle bacilli are grown on an inspis- 
sated water-glycerol-whole egg medium, large amounts of the bacilli 
in fine 2? suspension can be injected intravenously (ear vein) without 
lethal effect. 

Thus, one guinea pig that received 200 mg. (about 25 mg. per cubic centimeter ) 
is still alive and in good condition after one and a half years; of two guinea 
pigs given 175 mg., one was killed for examination at fifteen months and showed 
no macroscopic organie or glandular tuberculosis but only slight splenomegaly, and 
the second is still alive after one and a half years. One guinea pig that received 
150 mg. is still alive after one and a half years. Of 11 guinea pigs receiving 
100 mg., one died at seven and a half months of an intercurrent condition and not 
of tuberculosis; three were killed inadvertently at eight and a half months and 
had only slight splenomegaly; one is still alive after one and a half years; four 
are alive seven months after injection of the bacilli; and two are alive one and a 
half months after injection of the bacilli. 


When the avirulent “Human” tubercle bacilli are grown on inspis- 
sated glycerol-broth-whole egg medium, it is rarely possible to inject 
more than 100 mg. of the bacilli intravenously (in fine suspension ) 
without immediate lethal effect (within twenty-four hours). 

Of seventeen guinea pigs receiving 100 mg. intravenously, eight died: two 
after eighteen days, one after twenty-four days, two after thirty-nine days, two 
at forty-eight days and one after three and a half months. All of these animals 
showed varying grades of splenomegaly, no macroscopic organic or glandular 
tuberculosis, but profound general toxemia and emaciation. Six were killed: two at 
fifteen days, two at one month, one at forty-two days and one at ten months. 
These animals showed varying grades of splenomegaly, from ten to twenty times 
normal size to slight splenomegaly of from two to five times normal size (the 
smaller size of the spleen was coincident with the later intervals). The spleno- 
megaly could not be correlated with the lethal toxemic effect. Three are still alive 
—two after seven months and one after one month. The two former recovered 
from a short but profound illness at about one to two months after the injection. 


Although this difference cannot be explained at present, there 
appears to be no relation between it and the virulence of the bacilli. 
It may be a matter of the nutrient status of the bacilli, since the broth- 
whole egg medium yields a greater volume of bacillary mass than the 
water-egg medium. However, against this view is the fact that large 
masses of bacilli can be grown on glycerol-agar, and yet these bacilli 
act like those from the water-egg medium. The results with bacilli 
grown on two simple mediums, an ammonium malate agar ** and 
glycerol-broth-agar, were identical with the results obtained with the 
bacilli from the inspissated water-egg medium and will not be detailed. 





23. Wong, S., and Weinzirl, J.: Am. Rev. Tuberc. 33:577, 1936. 








118 ARCHIVES OF PATHOLOGY 








Fig. 1—A, lung immediately after an intravenous injection of 100 mg. of 
avirulent human tubercle bacilli, showing congested alveolar capillaries and dis- 
tention of alveolar walls; hematoxylin-eosin stain B, lung forty-five minutes after 
an intravenous injection of 100 mg. of avirulent human tubercle bacilli, showing 
reaction to large lumps (black) of bacilli; carbolfuchsin stain. 
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Fig. 2.—A, lung one hour after an intravenous injection of 100 mg. of avirulent 
human tubercle bacilli; hematoxylin-eosin stain. B, high power magnification of 
an area in A; hematoxylin-eosin stain. 
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With virulent strains of human tubercle bacilli, much larger amounts 
of bacilli in fine suspension could be injected when these bacilli were 
grown on the water-egg medium than when they were grown on the 
broth-egg medium. 


Thus, strain 127 grown on the water-egg medium was given to one guinea pig 
in 200 mg. amount in 6 cc., and the animal survived for eighteen days; while, of four 
guinea pigs that were given 100 mg., one died in seven days, one in ten days, one 
in seventeen days and one in nineteen days, and one guinea pig given 25 mg. 
died in twenty-four days. Of nine guinea pigs given 100 mg. of strain 127 grown 
on the egg-broth medium, one died in one day, one died in seven days, two died in 
nine days, one died in thirteen days, two died in fourteen days, and two died after 
fifteen days. One milligram of the same strain killed four guinea pigs in twelve, 
fifteen, seventeen and twenty-eight days, respectively. 

Another strain of highly virulent, recently isolated human tubercle bacilli, no. 
160, showed that when the bacilli were given in 100 mg. amounts intravenously 
to guinea pigs, the animals given the growth from the water-egg medium sur- 
vived twice as long as those given the growth from the broth-egg medium. In 
illustration, three guinea pigs given the broth-egg bacilli died in seven, eight and 
eight days, respectively, while those given the water-egg bacilli died in fourteen, 
fourteen and eighteen days, respectively. Conspicuous was the lack of macroscopic 
tubercles in animals dying before two weeks, while after this time tubercles 
could be found as pinpoint foci.24 Again, diffuse organic involvement and _ pro- 


found splenomegaly were evident. 


Now by correlating the histology with these findings, one can obtain 
a composite picture of the results of the injection of large amounts of 
avirulent or virulent human tubercle bacilli intravenously into guinea 
pigs. 

In these experiments guinea pigs were studied at intervals of from a few minutes 
to as long as eighteen months after the intravenous injection of 100 mg. of 
avirulent “Human” tubercle bacilli. The suspension was as fine as it was possible 
to make it, consistent with the amount of fluid (5 to 10 cc.) that could be used 
for this purpose. With virulent bacilli, the longest intervals could be carried 
only up to about fifteen days. Although more of the organs were studied, only 
the lung, liver, spleen and kidney will be considered here. All tissues were fixed 
in Zenker’s solution and were stained with hematoxylin-eosin for tissue elements, 
with carbolfuchsin and methylene blue for tubercle bacilli and with Gram stain 
for gram-positive bacilli. 

Since previous histogenetic studies by Rosenthal and others have 
elucidated the minute cellular reactions to BCG, which do not differ 
particularly from those to avirulent human tubercle bacilli, and since 
admittedly the suspensions, so far as division of the bacilli is concerned, 
could not be finely divided, as when using smaller amounts of bacilli 
(below 1 to 10 mg.), and the range of cellular reactions in the same 
tissue would therefore in general show wide variations, I shall be 
content with presenting those facts which may prove of practical value 


for showing the relationship between the amount and viability of the 


24. Corper, H. J.: J. A. M. A. 101:982, 1933. 





: 
: 











LK 


; 
H 
3 
| 











Fig. 3.—A, lung one hour after an intravenous injection of 100 mg. of avirulent 
human tubercle bacilli. Note the distribution of lumps of tubercle bacilli (black 
areas), which account for the reaction subsequently seen with avirulent bacilli; 
carbolfuchsin stain. B, liver four hours after an intravenous injection of 100 mg. 
of avirulent human tubercle bacilli, showing the small size of the lumps in this 
organ and the correspondingly mild reaction; carbolfuchsin stain. 
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Fig. 4.—A, spleen four hours after an intravenous injection of 100 mg. of 
avirulent human tubercle bacilli, showing the pronounced cellular reaction; hema- 
toxylin-eosin stain. B, high power magnification of an area in A. 
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bacilli (dependent on avirulence or virulence) and the progressive or 
the retrogressive reaction—the one going on to a fatal termination and 
the other to recovery with restitution of tissue. In other words, I shall 
deal with the tissue dynamics of massive tuberculosis rather than with 
the cellular. 

In general, the results of careful microscopic examination of large 
numbers of sections from the more important organs (lungs, liver, 
spleen and kidneys) involved in the effects following intravenous injec- 
tion of large amounts of tubercle bacilli show that when 100 mg. of 
avirulent human tubercle bacilli is injected intravenously, the immediate 
tendency is for the larger lumps of bacilli to be found in the capillaries 
of the lungs, the vessels of the liver, the spleen (predominantly in the 
pulp but occurring also on the border of the malpighian corpuscles) and 
in the finer vessels of the kidney, especially in the glomerular tufts and 
around the proximal collecting tubules. The lung proportionately con- 
tains far more and larger lumps than the other organs. In the liver, 
they are smaller and far less numerous, while in the spleen they vary 
in size and appear to be less numerous than in the liver. In the kidney, 
they are confined mostly to the glomeruli and are decidedly less common 
than in the other three organs mentioned. The distribution of the finer 
particles and of individual bacilli in general is the same as that of the 
larger particles, but this is difficult to determine with any degree of 
accuracy even with the oil immersion lens. It is obvious also that the 
deposition of the finer particles from the blood is gradual, requiring 
quite a few days for even partial completion. Although the tissue reac- 
tion gradually increases, the bacilli are still evident as large masses and 
numerous scattered groups, staining well with carbolfuchsin after an 
interval of two weeks. The organic disposition varies for individual 
animals, but the lung still contains most of the larger lumps, while in 
the liver and spleen such lumps are more difficult to find after two 
weeks. At two weeks, although the cellular inflammatory reaction 
increases markedly, the individual bacilli, the small lumps and the 
larger lumps are still well stained by the acid-fast (carbolfuchsin ) 
method and are numerous throughout the lungs, while in the liver and 
spleen they become a little more difficult to find. Gradually, however, 
up to the end of the two month interval the bacilli became more difficult 
to find. In the lungs at two months distinctly staining bacilli are still 
found, and, in addition, a few acid-fast globules and granules are noted, 
widely and irregularly scattered, usually located in the cytoplasm of 
large macrophages or histiocytes in the involved tissues. At this time 
bacilli are few in the liver and spleen, and the acid-fast globules are 
sparsely scattered in these organs. At the three and four month inter- 
vals, occasional bacilli are still found in the lungs, but they are sparse 
and in some specimens are not found. The acid-fast globules and 
granules also are less strikingly evident, although they can be found 














Fig. 5.—A, lung two weeks after an intravenous injection of 100 mg. of aviru- 
lent human tubercle bacilli, showing the distribution of lumps of bacilli in nodules 
evident at this time; carbolfuchsin stain. 8B, high power magnification of an area 
in A, showing numerous tubercle bacilli in a nodule; carbolfuchsin stain. 
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Fig. 6—A, lung ten months after an intravenous injection of 100 mg. of 
avirulent human tubercle bacilli, showing marked resolution and only remnants 
of small interstitial foci. After fifteen months, resolution is usually complete with 
this dose but not with 175 mg.; hematoxylin-eosin stain. B, lung five days after 
an intravenous injection of 100 mg. of a highly virulent strain of human tubercle 
bacilli, no. 160; carbolfuchsin stain. Note the diffuse reaction in the vicinity of 
the lumps, due to the presence of innumerable virulent bacilli. 
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readily in the vicinity of the involved areas. In the liver at four months, 
scattered acid-fast globules and small granules are still found, while 
in the spleen they appear to be more numerous and are noted in the 
cytoplasm of heavily laden large phagocytic cells (histiocytes) ; in cer- 
tain specimens, an occasional long, threadlike, slightly granular bacillary 
rod is found among the globules. The kidney at this time is practically 
free from acid-fast material, and all glomerular tufts are normal in 
appearance so far as histiocytic or epithelioid cell changes are concerned. 

Ten months after the injection of 100 mg. of avirulent human 
tubercle bacilli, acid-fast bacilli are no longer found in any of the tissues 
of the lung, liver, spleen or kidney. Only in the spleen are there noted 
a few areas showing acid-fast globules in the cytoplasm of large mono- 
nuclear histiocytic cells, while numerous cells of this type are heavily 
laden with yellow blood pigment. The cells laden with blood pigment 
are found, beginning with the second week after injection of the aviru- 
lent bacilli, in gradually increasing numbers up to ten months. After 
twelve months, these features gradually come within normal bounds 
or disappear. 

It appears from the foregoing and other observations that, although 
there are certain phases which characterize the microscopic disappear- 
ance of the bacilli from the tissues, these are conditioned by the number 
and the state of division of the bacillary masses. For example, a 
number of guinea’ pigs given from 175 to 200 mg. of avirulent human 
tubercle bacilli still revealed intracellular acid-fast globules and granules 
in large phagocytic cells in the spleen, in fairly numerous amounts, after 
from fifteen to eighteen months, and some acid-fast globules and gran- 
ules were found also in the lungs at this time, but in none of the tissues 
were acid-fast bacilli found. 

The histologic changes noted can be briefly summarized. While 
granulocytic and histiocytic reactions predominate early, i. e., during the 
first month, particularly in the lungs and spleen, the diffuse cellular and 
exudative reaction gives way more to the nodular proliferative (histio- 
cytic) reaction in the later periods, after from two to six months, and 
there is marked resolution without caseation, with gradual decrease in 
the size of the nodules and final disappearance of these nodules from 
the lungs within from twelve to fifteen months. The inflammatory 
reaction in the liver subsides and resolves early, as does that in the 
kidney within the first few months, while that in the spleen persists 
almost as long as that in the lungs. In the former, it is far more diffuse, 
and in the latter it tends to focalize into nodules of a varying type. 
The cellular reactions are, from the beginning, of a mixed type, and 
fibrosis is not conspicuous, although it appears more evident in the 
spleen after resolution than in the lungs. The illustrations depict some 
of these characteristics. 














Fig. 7—A, spleen five days after an intravenous injection of a virulent strain 
of human tubercle bacilli, no. 160; hematoxylin-eosin stain. Note the marked pro- 
liferative reaction around the malpighian corpuscles and in the pulp, with marked 
dilatation of the vascular sinuses. B, lung one week after an intravenous injection 
of 100 mg. of moderately virulent human tubercle bacilli, no. 127, showing discrete 
proliferative and exudative reaction; hematoxylin-eosin stain. 











128 ARCHIVES OF PATHOLOGY 





Fig. 8.—A, lung eleven days after an intravenous injection of 100 mg. of highly 
virulent human tubercle bacilli, no. 160, showing a profound exudative reaction 
of wide distribution; carbolfuchsin stain. B, high power magnification of an area 
in A, showing innumerable tubercle bacilli in the involved tissues; carbolfuchsin 
stain. 
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Fig. 9.—A, liver eleven days after an intravenous. injection of 100 mg. of highly 
virulent human tubercle bacilli, no. 160, showing peripheral inflammatory tubercles ; 
hematoxylin-eosin stain. B, spleen eleven days after an intravenous injection of 
highly virulent human tubercle bacilli, no. 160, showing marked and widespread 
cellular reaction; hematoxylin-eosin stain. 
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It seems, then, that while stainable acid-fast bacilli disappear from 
the important organs—lungs, liver, spleen, kidneys—within from three 
to four months after the intravenous injection of a large amount (100 
mg.) of avirulent human tubercle bacilli into the guinea pig (these 
findings were duplicated within the limits of reasonable analogy with 
100 mg. of BCG—thus substantially verifying the observations of 
Rosenthal), the cellular reaction pursues its course to resolution for a 
much longer time and more in conformity with the evidence obtained 
by culture for the persistence of viable bacilli in the tissues. The term 
“submicroscopic forms” of acid-fast bacilli to explain this discrepancy 





Fig. 10—Lung fifteen days after an intravenous injection of 100 mg. of a 
virulent strain of human tubercle bacilli, no. 127, showing widespread acute inflam- 
matory reaction; hematoxylin-eosin stain. 


does not appear wel! chosen, for this reason: Although the acid-fast 
globules and granules noted in the phagocytic cells after the bacilli can 
no longer be noted microscopically appear to be chemical remnants of 
the destroyed bacilli, it cannot be maintained with certainty that they 
do not originate from the products of disintegration of other tissues. 

In the comparative experiments in which 100 mg. amounts of viru- 
lent human tubercle bacilli (strains 160 and 127) were injected intra- 
venously into guinea pigs, the early reactions resembled very much 
those seen following the injection of avirulent bacilli. Up to five days, 
the resemblance was striking as to the findings for acid-fast bacilli and 
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as to those for cellular elements. After one week, there was a marked 
increase in the number of acid-fast bacilli throughout the involved 
tissues; they became numerous in the lungs and spleen. At from ten 
to fifteen days, histiocytic tubercles of various sizes were present, 
particularly in the peripheral portions of the hepatic lobules, and histio- 
cytic reactions were pronounced in the spleen; in the second week acid- 
fast bacilli were widespread throughout the liver and spleen, indicating 
a general dissemination, probably by way of the blood. All in all, the 
tissue response was more general and apparently more exudative and 
violent with the virulent bacilli. Fibrosis and caseation were also lack- 
ing, because of the early death of the animals given virulent bacilli in 
large amounts. 
SUMMARY 

The tissue responses to the intravenous injection (ear vein) of 
large amounts (100 mg.) of avirulent human tubercle bacilli (in as 
fine a suspension as can be prepared feasibly for this purpose) are 
those characterized by Opie as resembling closely the changes that occur 
at the onset of inflammation produced by a great variety of irritants, 
namely, exudative and proliferative reactions, the gradation of which 
is affected in various places in the tissues by the numbers of bacilli 
lodging there. With these large amounts, the greater part of the lumps 
lodge in the lungs, and the histiocytic reaction in the lungs is more 
pronounced than that observed in the liver, spleen or kidney. With 
these large amounts, the cellular and tissue resolution closely approxi- 
mates that of the presence of viable bacilli (determined by culture) in 
the tissues and is correlated with the approximate numbers required 
to cause a discernible tissue response. For quite some time before 
tissue resolution has occurred, acid-fast bacilli are no longer to be seen 
and for some time after acid-fast bacilli are absent, acid-fast globules 
and granules are noted in the tissues. No evidence of multiplication 
of avirulent human or bovine (BCG) bacilli was noted even after large 
amounts (from 100 to 200 mg.) were injected ; their “toxicity” in these 
large amounts was variable and dependent on the culture medium used 
for growing them. Virulent human tubercle bacilli when given in 
equally large amounts intravenously caused tissue reactions which did 
not differ strikingly except in the grade of reaction, especially after 
the first week. However, distinct evidence of increase in the number 
of bacilli in the tissues was found, correlating with cultural findings. 
It appears that in normal guinea pigs the tissue responses to large 
amounts of avirulent bacilli intravenously injected are influenced by 
the local number and disposition of the bacilli. On the other hand, the 
tissue reaction to virulent bacilli is a response to numbers rapidly 
increasing locally and distributed through the circulation. 
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ORIGIN AND PATHOLOGY OF COMMON 
TERMINAL PNEUMONIA 


VIRGIL H. MOON, M.D. 


PHILADELPHIA 


Several years ago attention was directed to the occurrence of 
secondary or terminal pneumonia preceded by shock of sublethal degree.” 
The frequency of occurrence and the accumulation of additional material 
from clinical sources and from animals used in experiments justify 
further consideration of the subject. 

It has been shown * that shock is accompanied by visible circulatory 
changes in the lungs and other viscera and that these are etiologically 
related to the mechanism of its origin. Diffuse capillary hyperemia, 
stasis, edema and effusions are prominent pathologic features. It has 
been shown also that shock is not limited to conditions of physical 
injury, such as wounds, burns or surgical intervention. Circulatory 
deficiency of the same type may develop from intoxications, both 
chemical and metabolic, from infections and the action of bacterial 
toxins, from anaphylaxis or serum disease, from abdominal catastrophes, 
such as strangulation or perforation of the bowel, peritonitis and acute 
pancreatitis and from sundry other conditions. 

Circulatory deficiency incident to the conditions mentioned occurs 
in varying degrees and with varying rapidity. This statement may 
seem to emphasize the obvious, but the fact is of such paramount 
importance as to justify the emphasis. Shock may develop rapidly 
incident to a sudden catastrophe in a person whose previous health was 
sound. In such a case the clinical evidence is unmistakable, and the 
circulatory deficiency is obvious, sometimes dramatically so. But when 
deficiency of the same type develops gradually in the course of some 
preexisting disease, its presence may be overlooked. If detected, it often 
is misinterpreted as evidence of cardiac failure or of vasomotor col- 
lapse. The discussion presented here concerns a sequel of gradually 
developing, or sublethal, shock. 

It has been shown®* that marked visceral engorgement is found 
when fatal shock has developed rapidly. But when the circulation has 
failed more gradually, edema becomes prominent, especially in the 


From the Department of Pathology, Jefferson Medical College. 

1. Moon, V. H.: Am. J. Path. 9:899, 1933. 

2. Moon, V. H., and Kennedy, P. J.: Arch. Path. 14:369, 1932; 22:325, 1936 
3. Moon, V. H., and Morgan, D. R.: Arch. Path. 21:565, 1936. 
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lungs. Lungs in which the circulation is sluggish and in which the 
spaces are filled with albuminous fluid present a stage already set for 
the development of pneumonia. Human respiratory passages harbor 
various pathogenic organisms, and the edema fluid provides an 
excellent culture medium for their growth. Systemic resistance may have 
been lowered by disease, injury or intoxication, and pulmonary resistance 
is impaired by the circulatory inefficiency. Under such conditions the 
development of pneumonia is almost inevitable. The mechanism of its 
origin is identical with that of pneumonia in pulmonary passive con- 
gestion incident to cardiac decompensation. The difference lies in the 
mode of origin of the congestion and edema. 


MORPHOLOGIC FEATURES 

In such pneumonia the lungs present varying degrees of diffuse 
widespread congestion, edema and irregular patchy consolidation. Due 
to the effect of gravity, these findings are most marked in the dependent 
portions. Grossly such lungs are heavy, wet and of increased density. 
The consolidated areas are ill defined by palpation, merging imper- 
ceptibly with adjacent areas of congestion and edema. The lungs have 
a deep reddish purple color. When they are sectioned, frothy sero- 
sanguineous fluid escapes freely. The bronchial mucosa is swollen, 
edematous and cyanotic. 

The areas of consolidation vary greatly in size, distribution and 
number, depending on the degree of the congestive process and the time 
elapsing before death. Occasionally the areas become confluent and 
extensive, but then the condition does not resemble lobar pneumonia. 
The consolidation, even when complete, is not firm but rather soft and 
edematous, increasingly so toward the anterior portions. Also the 
color is less uniform. It presents a mottling of darker red and lighter 
grayish red patches. Neither does this condition resemble broncho- 
pneumonia. It does not arise from the bronchi nor does its distribution 
conform at all to that of the bronchial branches. 

Microscopic examination shows marked engorgement of the capil- 
laries and venules, and albuminous fluid filling the alveoli. The fluid 
contains varying numbers of leukocytes, chiefly polymorphonuclear in 
type. The mononuclear forms, however, are more numerous than 
in primary pneumonias. The leukocytic distribution is not uniform. 
Some areas contain only a few, some contain many, and in others they 
are densely packed (fig. 1.4). The exudate may contain red cells from 
capillary hemorrhages and from diapedesis. In areas of edema and of 
beginning pneumonia the red cells are seen clearly, but where the process 
is more advanced the red cells have undergone hemolysis. Hematogenous 
pigment, both extracellular and within macrophages, may be found. 
Such pigmentation is conspicuous in some cases. The outstanding micro- 
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Fig. 1—A, photomicrograph of the margin of a pneumonic area. Death occurred 


four days after prostatectomy, the wound being noninfected. Varying degrees of 
leukocytic infiltration in a congested edematous lung are shown. Magnification, 
about x 50. B, a higher magnification (about « 250) of an area from the same 


section as A. Engorgement of minute vessels and irregular leukocyttic infiltra- 


tion are shown. 
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scopic features are the congestion and evident stasis of blood in the 
minute vessels and the relative absence of fibrin, even where consolida- 
tion is most marked. 

The bacteriologic findings are inconstant. No one organism or type 
of organisms provides the infectious factor. As in “hypostatic pneu- 
monia”’ and in that of cardiac decompensation, the bacterial flora is mixed 
and various. Several organisms are usually present in cultures from 
consolidated areas. Pneumococci, streptococci, staphylococci and 
Micrococcus catarrhalis predominate, but various bacilli may be culti- 
vated also. Whatever bacterial forms are present in the person’s 
respiratory tract will determine largely those recovered by culture from 
the pneumonic areas. This is essentially a mixed infection. 


POSTOPERATIVE PNEUMONIA 

Surgeons are keenly aware of the danger of pneumonia following 
extensive surgical procedures. This has been attributed to such factors 
as the aspiration of saliva, the irritating effect of ether on the respiratory 
mucosa or the loss of body heat during or after the operation. But I 
have seen no discussion in which the development of a sublethal degree 
of shock was suggested as a possible factor. That such pneumonia is 
not due to aspiration of saliva or to bronchial irritation is shown 
by its distribution. It does not arise about bronchi nor does it conform 
in any particular to their distribution. 

Whipple * mentioned pulmonary congestion as a most important pre- 
disposing factor and concluded that postoperative pneumonia is a far 
more frequent complication than is acknowledged or reported. Neuhof 
and Aufres® made an investigation solely to determine why patients 
die following surgical operations. They analyzed 800 cases in which 
postmortem records were available. Cases in which death occurred 
within forty-eight hours after operation and those in which the examina- 
tion did not reveal the cause of death were omitted from consideration. 
Pneumonia occurred in 16 per cent of 521 cases in which suppuration 
was not present. It occurred in 18 per cent of 292 cases in which 
operations on the gastrointestinal tract were unassociated with infection 
and in 20 per cent of 55 cases in which operations on the genito-urinary 
tract were uncomplicated by infection. 

Other observations of this kind might be cited. Very frequently I 
have found secondary pneumonia in hyperemic edematous lungs when 
death has occurred a few days after extensive surgical procedures. 
When erythrocytic counts were made after the operations they showed 
hemoconcentration, which indicated that the mechanism of shock was 


operative. 


4. Whipple, A. O.: Surg., Gynec. & Obst. 26:29, 1918. 
5. Neuhof, H., and Aufres, A. H.: Ann. Surg. 91:32, 1930. 
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PNEUMONIA AFTER BURNS 


It is well known that extensive burns result in death through shock. 
The pathologic features seen at necropsy are of the same type as seen 
in shock from other causes (Pack *; Moon and co-workers’). One of 
three results may be expected after severe burns: death through shock 
within forty-eight hours, subsequently death from pneumonia, or 
recovery. As an instance of these results, I cite an accident in which 
three men were burned and brought to the hospital at the same time. 
Shock was a pronounced feature in each case, as shown by clinical 





Fig. 2.—Pneumonia in a dog after five doses of soluble phenobarbital U.S. P. 
(0.3 Gm. per kilogram) given by mouth at intervals during ten days. Marked 
capillovenous engorgement is present, but partial hemolysis has rendered the 


erythrocytes indistinct. 


signs and by hemoconcentration. The blood of the man most severely 
burned. contained 8,350,000 red cells per cubic millimeter a few hours 
after the accident. He died within forty-eight hours, and the necropsy 
showed the visceral congestion, edema and ecchymoses usually found 
after death from burns. 

Another of the victims lived seven days. During this time the 
erythrocytic counts fluctuated between 4,600,000 and 6,000,000. Counts 


6. Pack, G. T.: Arch. Path. 1:767, 1926. 
7. Moon, V. H., and Kennedy, P. J.: J. Lab. & Clin. Med. 19:295, 1933. 
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made prior to the accident would be necessary in order to determine 
the degree of hemoconcentration represented by these figures. Marked 
bilateral pneumonia in congested edematous lungs was shown post 
mortem. This had all the features described in the preceding section on 
morphologic characteristics. 

The man whose burns were least extensive lived. The concentration 
of his blood decreased gradually as his condition progressed toward 
recovery. 

These cases are cited as illustrative of the usual results of extensive 
superficial burns and of the occurrence of pneumonia of the type under 
consideration. We have found terminal pneumonia also in animals that 
lived six or eight days after experimental burns. 


PNEUMONIA FOLLOWING USE OF ANESTHETIC AND 
HYPNOTIC DRUGS 

Several therapeutic agents of this class tend to produce circulatory 
failure like that of shock if given in large doses. The barbiturates used 
as sedatives and as anesthetics for man and for animals under experi- 
mentation furnish an excellent example of this action. In one of our 
‘arly experiments soluble phenobarbital U.S.P. was given intravenously 
to a dog in the dosage of 0.3 Gm. per kilogram of body weight. Shortly 
afterward the blood pressure fell 93 mm. of mercury, although no 
experimental procedures had begun. Similar effects have been recorded 
by Robinson and Parsons,* Blalock * and others. 

Gruber and Baskett '® investigated the pharmacologic properties of 
the barbiturates. They found that doses ranging from 0.05 to 0.5 Gm. 
produced a marked decline in blood pressure in 162 of 164 animals on 
which the effects were tested. Seevers and Tatum"! recorded marked 
visceral hyperemia at post mortem examination after prolonged use of 
barbital in small doses (0.1 Gm. per kilogram) in dogs. There were 
subendocardial hemorrhages, the lungs were intensely congested, and 
extravasated blood was seen in the alveoli and bronchi. There were 
intense congestion and capillary hemorrhages in the gastrointestinal 
mucosa, and the liver, kidneys, adrenals and meninges were hyperemic. 
There is a striking similarity between these findings and the effects 
of other agents injurious to capillaries. 

8. Robinson, W., and Parsons, E.: Arch. Path. 12:869, 1931. 

9. Blalock, A.: Arch. Surg. 20:962, 1930; 22:599, 1931. 

10. Gruber, C. M., and Baskett, R. F.: J. Pharmacol. & Exper. Therap. 25: 
234, 1925. 


11. Seevers, M. H., and Tatum, A. L.: J. Pharmacol. & Exper. Therap. 42: 
217, 1931. 
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I have found these same congestive, hemorrhagic and edematous 
features after profound narcosis obtained with compounds of barbital. 
Morgan and I * reported on the effects of soluble phenobarbital U.S.P. 
given by mouth in the production of experimental pulmonary edema. 
This caused hemoconcentration and death by circulatory failure in dogs. 
The visceral appearances were the same as after shock otherwise pro- 
duced. Pulmonary congestion and edema were prominent. Pneumonia 
of the type discussed (fig. 2B) developed in two dogs in which deep 
narcosis was continued several days. 

Holck and Cannon ** made observations on the cause of death result- 
ing after forty-eight hours from the time of the administration of 
barbiturates to animals. A 1 per cent solution of the drug to be tested 
was given to rats by hypodermic injection. One series of 27 rats 
received from 40 to 50 Gm. of nostal (isopropyl-8-bromallyl barbituric 
acid) per kilogram of body weight. Delayed death occurred in 23 of 
these. The lungs showed marked congestion, edema and, in about 75 
per cent, pneumonia. Similar results were obtained with pernocton 
(sodium salt of secondary butyl-8-bromallyl barbituric acid). In another 
series (Wistar stock rats) delayed death occurred in all, and examina- 
tion showed mottled, partly consolidated lungs in each animal. 

There have been many reports of pneumonia and other untoward 
effects from deep anesthesia obtained with barbiturates and similar 
drugs. I have described an instance in which an overdose of sedormid 
(allylisopropylacetyl carbamide) produced profound narcosis and death 
by circulatory failure. The pathologic features of shock were present 
in characteristic form. Pneumonia (fig. 3.4) was already developing in 
the congested edematous lungs although death occurred only seventy-two 
hours after taking the drug. 


PNEUMONIA SECONDARY TO ACUTE INFECTIONS 
The observation is not new that many acute infectious diseases not 
involving the respiratory tract may terminate in pneumonia—such con- 
ditions as typhoid, peritonitis, puerperal sepsis and the like. Circulatory 
failure of the type seen in shock occurs frequently in such conditions 
(Atchley **; Eppinger **; Warfield *°; Moon **). 
Bell ** described the development of acute hemorrhagic pneumonia 
resulting from intense injury to the capillaries and escape of fluid and 





12. Holck, H. G., and Cannon, P. R.: J. Pharmacol. & Exper. Therap. 57:289, 
1936. 

13. Atchley, D. W.: J. A. M. A. 95:385, 1930. 

14. Eppinger, H.: Wien. klin. Wchnschr. 47:10 and 47, 1934. 

15. Warfield, L. M.: Ann. Int. Med. 7:981, 1934; J. A. M. A. 106:892, 1936. 

16. Moon, V. H.: Ann. Int. Med. 8:1633, 1935. 

17. Bell, E. T.: Text-Book of Pathology, ed. 2, Philadelphia, Lea & Febiger, 
1934, pp. 130 and 531. 
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blood into the pulmonary spaces. Bacterial poisons were regarded as 
the effective agents. This condition is exemplified in influenzal pneu- 
monia. When the lung is cut bloody exudate escapes in abundance, 





Fig. 3.—A, incipient pneumonia ; an area of ecchymosis surrounded by leukocytic 
infiltration in congested and edematous lung tissue. Death occurred seventy-two 
hours after an overdose of sedormid. Such a picture was seen frequently after 
death from influenza. 8, incipient pneumonia incident to hepatic necrosis. Note 
the minute hemorrhages, leukocytic infiltration and absence of fibrin. 
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I have found these same congestive, hemorrhagic and edematous 
features after profound narcosis obtained with compounds of barbital. 
Morgan and I * reported on the effects of soluble phenobarbital U.S.P. 
given by mouth in the production of experimental pulmonary edema. 
This caused hemoconcentration and death by circulatory failure in dogs. 
The visceral appearances were the same as after shock otherwise pro- 
duced. Pulmonary congestion and edema were prominent. Pneumonia 
of the type discussed (fig. 2B) developed in two dogs in which deep 
narcosis was continued several days. 

Holck and Cannon ** made observations on the cause of death result- 
ing after forty-eight hours from the time of the administration of 
barbiturates to animals. A 1 per cent solution of the drug to be tested 
was given to rats by hypodermic injection. One series of 27 rats 
received from 40 to 50 Gm. of nostal (isopropyl-8-bromallyl barbituric 
acid) per kilogram of body weight. Delayed death occurred in 23 of 
these. The lungs showed marked congestion, edema and, in about 75 
per cent, pneumonia. Similar results were obtained with pernocton 
(sodium salt of secondary butyl-8-bromallyl barbituric acid). In another 
series (Wistar stock rats) delayed death occurred in ali, and examina- 
tion showed mottled, partly consolidated lungs in each animal. 

There have been many reports of pneumonia and other untoward 
effects from deep anesthesia obtained with barbiturates and similar 
drugs. I have described an instance in which an overdose of sedormid 
(allylisopropylacetyl carbamide) produced profound narcosis and death 
by circulatory failure. The pathologic features of shock were present 
in characteristic form. Pneumonia (fig. 3.4) was already developing in 
the congested edematous lungs although death occurred only seventy-two 
hours after taking the drug. 


PNEUMONIA SECONDARY TO ACUTE INFECTIONS 
The observation is not new that many acute infectious diseases not 
involving the respiratory tract may terminate in pneumonia—such con- 
ditions as typhoid, peritonitis, puerperal sepsis and the like. Circulatory 
failure of the type seen in shock occurs frequently in such conditions 
(Atchley **; Eppinger ‘*; Warfield *°; Moon **). 
Bell ?? described the development of acute hemorrhagic pneumonia 
resulting from intense injury to the capillaries and escape of fluid and 





12. Holck, H. G., and Cannon, P. R.: J. Pharmacol. & Exper. Therap. 57:289, 
1936. 

13. Atchley, D. W.: J. A. M. A. 95:385, 1930. 

14. Eppinger, H.: Wien. klin. Wchnschr. 47:10 and 47, 1934. 

15. Warfield, L. M.: Ann. Int. Med. 7:981, 1934; J. A. M. A. 106:892, 1936. 

16. Moon, V. H.: Ann. Int. Med. 8:1633, 1935. 

17. Bell, E. T.: Text-Book of Pathology, ed. 2, Philadelphia, Lea & Febiger, 
1934, pp. 130 and 531. 
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blood into the pulmonary spaces. Bacterial poisons were regarded as 
the effective agents. This condition is exemplified in influenzal pneu- 
monia. When the lung is cut bloody exudate escapes in abundance, 





Fig. 3.—A, incipient pneumonia ; an area of ecchymosis surrounded by leukocytic 
infiltration in congested and edematous lung tissue. Death occurred seventy-two 
hours after an overdose of sedormid. Such a picture was seen frequently after 
death from influenza. 8B, incipient pneumonia incident to hepatic necrosis. Note 
the minute hemorrhages, leukocytic infiltration and absence of fibrin. 
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and the lung appears as if filled with a diffuse hemorrhage. When 
fulminant influenza causes death within forty-eight hours, the alveoli 
are filled with serosanguineous inflammatory edema containing few 
infiltrating cells. As the period of time is extended the leukocytic infil- 
tration is progressively more marked, and the condition of the lungs 
corresponds to the morphologic description of secondary pneumonia 
given in a preceding section. 

Bacteriologic reports on influenzal pneumonia made in 1918-1919 
from laboratories in various parts of the world showed no uniformity 
of results. The fact that various organisms were cultivated and that 
mixed cultures were obtained in most cases led to the belief that the 
pneumonia was a secondary infection with whatever organisms pre- 
dominated in the patient’s respiratory tract at the time. It was con- 
cluded by some that the primary infectious agent cf influenza was not 
cultivable by the usual methods and had not yet been demonstrated. 
Subsequent developments have supported these views. 

My interest in circulatory collapse was first aroused by observations 
in cases of fulminant influenza. It was noted by clinicians that these 
patients died of circulatory failure. Counts of red cells ranged from 
6,000,000 to 8,000,000, and the hentoglobin was correspondingly high. 
Congestion and edema of the lungs developed rapidly, and death 
resulted. Necropsy showed heavy wet bloody lungs and extreme capil- 
lary hyperemia of the mucosae. Underhill and Ringer '* published the 
results of their examination of the blood in influenza. The percentage 
of hemoglobin ranged from 110 to 140 in the fatal cases. Those patients 
whose hemoconcentration was highest died early. The lungs showed 
intense congestion, diffuse hemorrhages and sanguineous edema but not 
the leukocytic infiltration characteristic of pneumonia. Those whose 
hemoconcentration was more moderate lived a few days longer, and a 
secondary pneumonic process was the terminal event. There was no 
instance of hemoconcentration among those who survived. 

Influenza serves as an excellent illustration of the fact that shock 
develops with varying degrees of intensity and rapidity and of the 
development of terminal pneumonia when death does not occur early 
from circulatory failure. 


ALLERGIC PNEUMONIA 


It has been indicated recently *® that the manifestations of allergy 
or anaphylaxis depend on the same capillary factors as shock produced 
otherwise. It was shown also that the viscera present the same con- 
gestive, hemorrhagic and edematous features. Acute pulmonary 


18. Underhill, F. P., and Ringer, M.: J. A. M. A. 75:1531, 1920. 
19. Moon, V. H.: The Pathology and Mechanism of Anaphylaxis, Ann. Int. 


Med., to be published. 
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congestion and edema have been noted frequently in serum disease and 
other anaphylactic states in human subjects. It might be expected there- 
fore that secondary pneumonia would occur as a complication of such 
conditions. 

Waldbott and Snell *° described pulmonary complications of this 
type developing as a sequel to allergic shock. They regarded these as 
infectious processes superimposed on an edematous and hemorrhagic 
condition of the lungs resulting from allergy. This occurrence was seen 
in 7 of 12 cases reported by them. These observations indicate that 
secondary pneumonia may develop from pulmonary congestion and edema 


incident to allergy. 


TERMINAL PNEUMONIA IN OTHER CONDITIONS 

The occurrence of shock during eclampsia, diabetes, intestinal obstruc- 
tion, icterus gravis, pancreatitis, severe infections, poisoning and other 
conditions was discussed in preceding reports. Medical literature con- 
tains many references to pneumonia as a terminal event or as a post- 
mortem observation in these and similar conditions. Only a few such 
reports will be cited. 

Lubarsch *! noted the same visceral appearances after death from 
eclampsia as my co-workers and I have found regularly in shock. He 
reported also that in the majority of such cases “hemorrhagic broncho- 
pneumonia” was present. The involved areas contained various bac- 
teria, indicating that the pneumonia was due to a secondary infection. 
This type of pneumonia was present in the case of eclampsia described 
in a previous report.'® The lungs in this instance were indistinguishable 
from those in a case of influenzal pneumonia. 

Brown and his associates ** reported from the Mayo Clinic 11 cases 
of chronic duodenal obstruction in which a syndrome was presented 
which they termed duodenal toxemia. Prominent clinical features of 
this were vomiting of serous bile-staining fluid, evidences of dehydration, 
high hemoglobin content of the blood, low blood pressure, asthenia and 
evidences of shock, with low renal function. The authors emphasized a 
form of toxic nephritis as a complication, but the case histories serve 
also to portray the gradual development of sublethal shock. Six of the 
patients died, and necropsy showed nephrosis or toxic nephritis in each. 
Evidence of disturbed renal function in the other five patients dis- 
appeared as they recovered. “Bronchopneumonia” was found at 
necropsy in each of the six patients who died. This was described as 
patchy in some and as coalescing in others. 

20. Waldbott, G. L., and Snell, A. D.: J. Pediat. 6:229, 1935. 

21. Lubarsch, O.: Ergebn. d. allg. Path. u. path. Anat. 1:113, 1896. 

22. Brown, G. E.; Eusterman, G. B.; Hartman, H. R., and Rowntree, L. G.: 
Arch. Int. Med. 32:425,. 1923. 
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Finkelstein and Jacobi ** reviewed the clinical and postmortem fea- 
tures of poisoning with iodine. Shock was recognized as a clinical 
feature in 11 of 18 cases. Marked pulmonary congestion, frothy sero- 
sanguineous fluid in the bronchi and alveolar spaces and edema of the 
mucosa were described. The pleurae were reddened and dull, and the 
gastrointestinal mucosa was also congested and edematous. The authors 
emphasized the frequency of such pulmonary involvement and noted 
the tendency to pneumonia. The same type of widespread visceral 
congestion and edema occurs in instances of early death from mercuric 
chloride poisoning. The finest example of incipient pneumonia that I 
have seen was in such a case of death from shock, which Crawford 
and I reported.** The lungs were heavy, wet and bloody, exactly 
like those seen in cases of severest influenza. The beginning of 
leukocytic infiltration was easily recognized in several areas although 
death occurred only thirty-seven hours after the poison was taken. 

I have found this type of pneumonia in examinations made after 
deaths from typhoid fever, peritonitis, erysipelas, chronic intestinal 
obstruction, perforation of a gastric ulcer and various so-called 
toxemias. Figure 3B shows a typical field of pneumonia in a case of 
extensive hepatic necrosis. In material from 100 unselected autopsies 
on adults this type of terminal pneumonia was found in 16 instances. 
Cases were not included in which pulmonary congestion and edema 
occurred from cardiac or renal causes. Eight cases occurred after sur- 
gical procedures, and eight cases, after the following conditions, respec- 
tively: acute hemorrhagic pancreatitis, ulcerative colitis, drug poisoning 
(sedormid), obstructive jaundice, eclampsia, extensive burn of the skin, 
diabetic acidosis and peritonitis. Subsequent experience indicates that 
the percentage occurrence of terminal pneumonia is above rather than 
below that shown in this group of 100. 

Pneumonia was found at postmortem examination in many of our 
experiments on sublethal shock with delayed death. This occurred in 
both dogs and rabbits and followed the implantation of small quantities 
of liver or muscle pulp in the peritoneal cavity, burns, barbital narcosis, 
injections of bile and other procedures by which sublethal shock was 
produced. 

SUMMARY 

The evidence as seen from published reports, from postmortem 
examinations and from experiments on animals leads to the conclusion 
that the syndrome of shock occurs in varying degrees in a wide variety 
of clinical conditions. Maximal degrees lead to death from circulatory 





Ann. Int. Med. 10:1283, 1937. 
Arch. Path. 15:509, 1933. 
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failure within a short time. Minimal degrees may terminate in recovery. 
A type of hemorrhagic edematous pneumonia is a very common sequel 
if neither death nor recovery occurs soon. 

Congestion, stasis and edema, which constitute the essential path- 
ologic pattern of shock, are the initial factors in the causation of this 
form of terminal pneumonia. 
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PROTECTION BY GUAIAC AGAINST DESTRUCTION 
OF VITAMIN E BY RANCIDITY OF 
FATS OF THE DIET 
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AND 
PAUL BERGSTROM, M.D. 


CHICAGO 


Evans,’ in a review on vitamin E, emphasized the destructive action 
of rancidity of fats on this vitamin, stating that ‘‘so easily is vitamin E 
destroyed by slight changes in the rancidity of the fats in which it is 
carried in solution that any analysis of vitamin E without simultaneous 
analysis for antioxygenic activity renders vitamin E analyses worth- 
less.” Grettie ? demonstrated that guaiac is an effective antioxidant. 
The addition of small quantities of the gum to lard (0.05 Gm. of gum 
in 100 Gm. of lard) greatly retards the development of oxidative 
rancidity. 

One might therefore expect that guaiac in the diet would protect 
against destruction of vitamin E by preventing oxidative rancidity of 
the fats in which the vitamin is carried. The purpose of the experi- 
ments reported here was to test this hypothesis. 


One hundred and five rats (70 females, 35 males) at the age of 4 weeks were 
placed in cages, 15 rats (10 females, 5 males) to the cage. The rats were fed 
diets containing lard showing varying degrees of rancidity. The rancidity was 
induced in some cases by blowing steam at 95 C. through the lard, and in other 
cases, by keeping the lard at its melting point in containers cpen to the air. The 
degree of rancidity which developed in the lard depended on: (a) how long a time 
the lard was exposed to steam or kept melted and (b) whether or not guaiac 
had been added to the lard before the treatment to induce rancidity was begun. 
The degree of rancidity reached in each case was determined according to the 
method described by Grettie and was expressed as the peroxide number of the fat.* 
A low peroxide number indicates little rancidity ; a higher number, more rancidity. 

Having induced varying degrees of rancidity in the lard samples, wheat germ 
oil was added to all samples (3 cc. of oil per hundred grams of lard), and the 


From the Department of Physiology of the University of Chicago. 
1. Evans, H. M.: J. A. M. A. 99:469, 1932. 
2. Grettie, D. P.: Oil & Soap 10:126, 1933. 


3. All determinations of peroxide numbers reported in this paper were made 
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samples were kept at 5 C. After five days of refrigeration, during which the 
rancid lard might act on the vitamin E, the lard was used in mixing the diets, 
which consisted of the following foods in the percentages given: casein, 20; 
starch, 46; yeast, 8; inorganic salt mixture, 4; agar, 2; cod liver oil, 2; butter, 10; 
lard, 8. The rats in a given cage were always fed diets in which the lard showed 
peroxide numbers within a limited range. The diets were fed ad libitum for a 
period of forty-four weeks, during which time observations were made on repro- 
duction and incidentally on growth. 


The effects of rancidity of the dietary lard on reproduction are 
best expressed in tabular form. ‘Table 1 gives data on reproduction in 
rats whose diets varied in the degree of rancidity developed in the lard 


Tas_e 1.—Effect of Rancidity of Dietary Lard on Reproduction in 
Rats Observed for a Period of Forty-Four Weeks 








Peroxide 





Number Preg- 
Female of Lard Preg Rats De- Rats nancies Deliveries Rats per 
Rats in Diet nancies Deliveries livered Weaned per Rat per Rat Delivery 
10 0.3-0.6 48 45 312 205 4.8 4.5 6.9 
40 1.2-2.5 129 107 6838 497 3.2 2.7 6.4 
20 3.5-6.0 30 20 134 109 1.5 1.0 6.7 
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PEROXIDE NUMBER 

Relationship between peroxide number (i. e., rancidity) of dietary lard and 
number of deliveries per rat. 


of the diet. With increasing rancidity (increasing peroxide numbers) 
there was a decrease in number of pregnancies and number of deliveries 
per rat. The most significant figures of the table are those showing 
the relationship between the peroxide number and the number of deliv- 
eries per rat. These values are plotted in the figure. The findings here 
are quite in accord with the reports of destruction of vitamin E by 
rancidity. 

The relationship of guaiac to these findings is shown in table 2. 
The 60 rats on which the data are based were divided into four groups, 


each group containing 10 females and 5 males. These four groups 
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received diets (as described in a foregoing paragraph) in which the 
lard was treated as follows: 


Diet 1. Lard plus guaiac, steamed at 95 C. until the peroxide number was 
between 1.8 and 2. 

Diet 2. Lard without guaiac, steamed at 95 C. as long as the lard of diet 1, 
the peroxide numbers ranging from 3.5 to 5.5. 

Diet 3. Lard plus guaiac, kept melted until the peroxide number was between 
1.2 and 2.4. 

Diet 4. Lard without guaiac, kept melted as long as the lard of diet 3, the 
peroxide numbers ranging from 4 to 6. 


Diets 1 and 3, containing lard plus guaiac, having peroxide numbers 
ranging from 1.2 to 2.4, are compared in table 2 with diets 2 and 4, 
containing lard without guaiac, having peroxide numbers ranging from 
3.5 to 6. The table shows that the vitamin E in the guaiac-protected 
lard supported 2.6 deliveries per rat, while rats eating diets in which 
the lard was not protected by guaiac had only 1 delivery per animal. 


TABLE 2.—Effect of Guaiac in Lard on Reproduction in Rats 
Observed for a Period of Forty-Four Weeks 








Preg- De- 
Female Diets Preg- De- Rats De- Rats nancies liveries Rats per 
Rats Used Guaiac nancies liveries livered Weaned per Rat per Rat Delivery 
20 land 3 Present 65 51 364 285 3.2 2.6 es 
) 1.0 6.7 


20 2and4 Absent 30 20 134 109 LJ 





It seems clear that a deficiency of vitamin E was responsible for 
the poor performance of the latter group. The smaller number of 
young rats delivered was due to a smaller number of deliveries rather 
than to smaller litters. The size of the litters did not vary appreciably 
from group to group, in the entire experiment. Resorption of fetuses 
after a diagnosis of pregnancy was common, occurring more frequently 
in the rats on the guaiac-free diets. The smaller number of pregnancies 
recorded in the rats on this diet was probably the result of two factors: 
(a) a real reduction in number of pregnancies, since males on a diet 
deficient in vitamin E become sterile (Evans'), and (b) an apparent 
reduction, since the occurrence of pregnancy might not have been 
detected in cases in which resorption occurred early in pregnancy. 

Differences in growth cannot account for the findings, since all 


‘groups grew equally well. 


CONCLUSIONS 
These experiments support the contention that rancidity in fats 
destroys vitamin E. By retarding the development of rancidity in 
lard, guaiac prevents the destruction of vitamin E artificially added to 
the lard of the diet and increases reproduction in rats. 











USE OF POLYVALENT ANTIPNEUMOCOCCUS 
SERUM, KYES 


WILLIAM E. CARY, Ph.D., M.D. 
CHICAGO 


Kyes? in 1911 described the production of an antipneumococcus 
serum by the injection of massive doses of living pneumococci into 
the insusceptible barnyard fowl. The serum so produced not only agglu- 
tinated pneumococci and protected mice when injected coincidentally 
with the organisms but in addition possessed therapeutic value when 
injected into mice eighteen hours after the inoculation of the pneu- 
mococci. In 1918 Kyes? published the results of the treatment of 
115 patients for lobar pneumonia with a polyvalent antipneumococcus 
fowl serum. The death rate among these patients was somewhat less 
than one-half that occurring among 538 control patients not so treated. 
Soon after, McClellan * and Gray * published the results of the use of 
the same serum at Camp Grant. There the serum was used in a total 
of 674 patients, among whom the death rate again was less than one- 
half that occurring among a much larger number of patients with 
pneumonia who were not so treated. Litchfield ® also reported the use 
of the serum in 10 patients who had pneumococcic meningitis compli- 
cating pneumonia, with complete recovery of one half of them from 
this usually fatal condition. 

As first prepared, the serum, administered intravenously in from 
2.5 to 10 cc. doses, frequently produced a chill. Indeed, by some ® this 
nonspecific foreign protein reaction was suggested as the factor 
responsible for the clinical action. In continuing the production of the 


serum on an experimental basis, however, Kyes* showed that complete 


From the Department of Bacteriology and Parasitology, University of Chicago, 
and the Chicago Memorial Hospital. 

1. Kyes, P.: J. A. M. A. 56:1878, 1911. 

2. Kyes, P.: J. M. Research 38:495, 1918. 

3. McClellan, J. H.: J. A. M. A. 72:1884, 1919. 

4. Gray, A. W.: Am. J. M. Sc. 159:885, 1920. 

5. Litchfield, L.: J. A. M. A. 72:1345, 1919. 

6. Irons, E. E., in Christian, H. A., and Mackenzie, J.: Oxford Medicine, New 
York, Oxford University Press, 1921, vol. 4, p. 886 (20). 

7. Kyes, P., and Carey, E. S.: J. Immunol. 14:123, 1927; 17:529, 1929. 
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elimination of the fibrinogen affords a preparation which seldom pro- 
duces the chill when introduced intravenously, even in doses of 60 cc. 
or more. 

I have used the Kyes polyvalent serum in hospital and private 
practice for fifteen years, and as this period covers that during which 
the elimination of fibrinogen was perfected, | have observed the clinical 
action of both the shock-producing and the nonshock-producing prep- 
arations. It is not my purpose at this time to present statistical details 
as to the substantial reduction in mortality obtained but rather to pre- 
sent my observations on the use of the serum in twenty-five patients 
seen during 1932-1938. 

The general procedure adopted was to employ the serum as soon 
as a diagnosis could be established. Injections of from 30 to 60 ce. 
were given slowly in the vein three times a day, usually for two or three 
days, when the temperature, pulse and respirations returned nearly to 
a normal level, after which injections were given daily for two or three 
more days. The total amount of serum per patient varied from 90 
to 1,000 cc., with an average of 380 cc. Patients given the serum within 
twenty-four hours after the initial chill often showed surprising drops 
in the temperature of 4 or 5 F. at a period in the disease when crises 
are not expected. The usual experience was a fairly rapid decline of 
the temperature to normal during the first two days of the administra- 
tion of serum. The patient noticed a feeling of well-being, and a decided 
improvement in the restlessness and anxiety was observed by the nurse 
and the physician. 

The most striking difference in the effect of this serum as com- 
pared with that of horse serum is the freedom from either immediate 
or late serum reactions. Chills will occasionally be encountered, as 
with any intravenous medication, but they are now exceptional. I have 
never observed any harmful effect from the chill itself. I cannot state 
too strongly my belief that the results are much better with the non- 
chill-producing serum than with the former chill-producing product. 
Doubtless, this is in part due to the larger doses of the serum made 
possible, but it disposes of the suspicion that the chill and nonspecific 
protein reaction may be the effective part of the treatment. 

The absence of an early shock reaction or of latent serum sickness 
commends the serum to the clinician. With the exception of an occa- 
sional chill, I have never seen a shock reaction follow the use of the 
fowl serum. Such a reaction, consisting of flushing of the skin, pains 
in the muscles and joints, dyspnea, drop in blood pressure and marked 
restlessness, is seen not infrequently following intravenous injection 
of horse serum and occasionally may be truly alarming. Coming at a 
time when the patient is seriously ill and lasting as it may for from one- 
half to one hour, this reaction may cause a physician to restrict his use 
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of such a serum. It is therefore gratifying to be able to administer a 
product that never produces these symptoms. Likewise, I have never 
seen urticaria, asthma or other late evidence of serum sickness following 
the administration of the fowl serum. Since these late symptoms were 
never seen with the former chill-producing serum, it gives substantiating 
evidence that no relationship exists between the chill-producing factor 
and those producing late serum manifestations. 


The effect of the serum on the mortality rate as seen in private 
practice is clouded by its use in consultation cases in which the patient 
is often seen late in the disease. It is interesting to note that all four 
patients with pneumococcus type III pneumonia recovered. One of 
these was a very toxic woman, six and a half months pregnant, who 
miscarried during the pneumonia. Pneumococcus types I, II, III, IV 
(Avery), VII and VIII were represented in this small group, all with 
satisfactory results when the serum was used early in the disease. Two 
of the patients, seen early and receiving what should have been adequate 
amounts of serum, died, owing probably to unusual virulence of the 
organism. The effect of the serum on the toxemia has often been 
striking, although no claim is made by Kyes for an antitoxic element. 
The pulse rate is probably the best single index of the degree of toxemia. 
It has seemed to me that in cases in which treatment is begun early with 
this serum sputum is scantier. In such cases it has occasionally been 
impossible to get an adequate amount of sputum for typing. No 
explanation for this is offered, since there have been abundant physical 
and roentgen findings to prove that there was massive involvement of 
the lung. Extension of the pulmonary process to other lobes and con- 
tinuance of septicemia are unusual when the serum is used early in 
adequate amounts. There is no apparent effect demonstrable by phy- 
sical or roentgen findings in an involved lobe, although occasionally 
one sees resolution setting in by the fourth or fifth day. The reduced 
toxemia makes the use of oxygen necessary less frequently. 


COMMENT 

The preparation of a polyvalent pneumococcus antiserum rests on 
a substantial and logical basis. It is well known that the most constant 
characteristic of the pneumococcus is its ability to produce the same 
clinical picture in the patient regardless of its type. This is more con- 
sistent than its formation of a capsule, morphologic appearances, 
cultural behavior or production of immune bodies. The specific 
immune characteristics of the various types have many common factors. 
It was logical to assume, therefore, that if an animal could be used 
that was resistant to pneumococcic infections, sufficiently large injec- 
tions of the living organisms could be given to produce a serum of a 
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titer so high that the difference in immunity to types would be rela- 
tively submerged in the greater volume of immune bodies common to 
all types. The barnyard fowl fulfilled these conditions as the producing 
animal. At present 21 strains from fatal cases of pneumonia, repre- 
senting several types, are used as antigens. Injections of the living 
organisms, kept virulent by passage through mice, are made intra- 
peritoneally every alternate week, with bleedings in the week between 
after a high immunity is reached. Such a procedure gives an immune 
serum of extremely high antibody content, from which all fibrinogen is 
removed before the serum is filtered for use. The serum is water clear 


and used without concentration. 


CONCLUSION 


This polyvalent serum has the following outstanding advantages: 


1. It is effective in all types of pneumococcic pneumonia. 


nN 


There is no delayed serum sickness. 


> & 


It seems to possess distinct antitoxic properties. 


It can be used at once without awaiting typing. 


wn 


6. Only one pneumococcic antiserum needs to be kept available. 


7. It favorably influences the clinical course and mortality rate. 








Its use is followed by no shock reactions and few chill reactions. 
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LEUKOPLAKIA OF THE RECTUM 


VERNON C. DAVID, M.D. 


CHICAGO 


In addition to leukoplakia of the mouth and tongue, which is rela- 
tively frequent, lesions typical of leukoplakia have been described affect- 
ing the larynx, trachea, bladder, ureters, renal pelvis, vulva, vaginal 
and uterine mucosa and glans penis. In these areas the epithelium has 
been converted into cornified epithelium with a tendency toward disap- 
pearance of the normal papillae. 

Ormsby, describing leukoplakia of the mouth under the heading “Leu- 
cokeratosis Buccalis,” stated that the lesion is composed of hyperker- 
atinized epithelium covered by an adherent and more or less dense pel- 
licle, removable only by artificial measures and closely applied to the 
superior stratum of the mucosa. The areas so affected are grayish 
white, rough to the touch and prone to fissuration. It is not definitely 
known whether the primary change in the epithelium is a fine hyper- 
keratinization or an inflammatory reaction in the papillary layers. 
Morehead emphasized the occurrence of sclerotic changes in the under- 
lying fibrous tissue, which in some cases may lead to cicatricial contrac- 
tures. These are commonly seen on the vulva, where the labia become 
markedly shrunken. ‘The relation of syphilis, if any, to the lesion is 
not definitely known. Carcinoma may develop in the fissures of leuko- 
plakia, but it is not generally believed that carcinomatous degeneration 
is an essential part of the disease. However, because of the relatively 
frequent occurrence of carcinoma in leukoplakial lesions these lesions 
are generally regarded as precancerous, and removal wherever pos- 
sible is indicated. 

A rather careful search of the current literature having failed to 
disclose reports of instances of leukoplakia of the rectum, it is deemed 
worth while to record a brief description of the lesions based on five 
clinical observations. 

Anatomically, the mucocutaneous line, which is from % to 34 inch 
(1 to 2 cm.) inside the anus, marks a sharp division between the 
columnar and the squamous epithelium. Several pathologic changes 
occur in the squamous epithelium immediately below the mucocutaneous 
line which in a general way resemble leukoplakia but which, as far as 
is known, are not related to it. Such a lesion, resulting from long- 
standing dermatitis ani, is a loss of the normal pigment and hypertrophy 
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of the squamous epithelium of the anal skin. This lesion stops sharply 
at the mucocutaneous line. Gray-white polyps at the mucocutaneous 
line, having a rather sessile base on the mucocutaneous line, could also 
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was present beneath the leukoplakia. 


rough white-appearing scars that resemble patches of leukoplakia. 











Leukoplakia in rectum, covering glandular epithelium. Marked inflammation 


in a general way be confused with leukoplakia. The hypertrophic scar 
tissue from healed fissures and fistulas in the anus occasionally makes 
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Syphilis was not a factor in any of these cases. Prior operations 
for various lesions had been carried out on all of the patients. Two 
operations had been for prolapse of the rectum where some inflammation 
of the mucosa had been present for years. The ages of the patients 
varied from 30 to 65 years. All were men. 

The lesions I wish to describe as leukoplakia of the rectum are 
thick, rough, grayish white plaques reaching upward from the mucocu- 
taneous line on to what normally is columnar epithelium. The lesions 
appear to be finger-like extensions upward from the mucocutaneous 
line, reaching from 2 to 3 inches (5 to 7.5 cm.) above that area. In 
two instances, patches of leukoplakia were observed, 2 inches in diame- 
ter, reaching half way around the rectum. The rectum was narrowed 
in this region, and to the examining finger the wall of the bowel was 
thick and the velvet-like character of the mucosa was converted into 
a rough, inelastic and somewhat tender area. Fissures occurred in the 
lesions in three of the cases, and in the fissured area the hypertrophy 
was especially marked. Immediate suspicion of carcinoma at the muco- 
cutaneous line was raised. In every case seen, marked evidence of 
inflammation of the surrounding mucosa was present. In two patients, 
in whom the lesions were extensive, the process had been present for 
years and was associated with marked dermatitis ani and with an 
irritating acrid discharge from the rectum. The patients complained 
not only of the itching but also of pain on defecation (due to the 
fissures ), constipation and a feeling of pressure in the rectum. 

In all five patients the lesions were removed by dissection. In the 
two patients in whom the lesions were most extensive, after removal 
of the lesions, the normal mucosa above was mobilized as well as pos- 
sible and brought down and sutured to the mucocutaneous line. Owing 
to the marked inflammatory reaction above these lesions, this was diffi- 
cult of accomplishment. In the two patients having these extensive 
lesions, the end results of treatment were poor. Within a year after 
operation recurrences took place at the mucocutaneous line, reaching 
upward for about an inch. One patient went elsewhere to have radium 
treatment. He returned several months later with the lesions entirely 
gone, but in their place he had a rather large radium burn, which showed 
no tendency to heal and was therefore excised. When last seen he was 
more comfortable than he had ever been since the onset of his trouble. 
This obviously brings up the question whether the application of radium 
in proper doses is not the treatment of choice. Consequently when the 
second extensive leukoplakial lesion of the rectum came under observa- 
tion three years ago, Dr. Oliver Ormsby, who had had a large experi- 
ence in the treatment of leukoplakia of the mouth and tongue, was 
asked to see the patient in consultation. He advised me to remove 
the lesion surgically, if I thought it possible. Surgical removal was 
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carried out, but within a year small white plaques of leukoplakia appeared 
on the mucosa, which within another year became as large as the original 
lesion. At the same time fissures reappeared, and the patient had a 
recurrence of his original condition. 

In the other three patients the lesions were small, from 0.5 to 1 cm. 
in diameter, and were above chronic rectal fissures or in association 
with developing hemorrhoids. This again emphasizes the inflammatory 
factor. 

Histologically, all of the patches appeared the same. The charac- 
teristic picture was one of hyperkeratinization of the squamous cell 
patches with round cell infiltration and fibrosis in the stroma beneath. 
No evidence of carcinoma was found in any of the cases. 

In view of the disappearance of the lesions following treatment with 
radium in one case and the immediate recurrence following operative 
removal in two cases in which the lesions were extensive, it seems to 
me that radium offers the best possibility of cure. In two cases in which 
the lesions were small excision resulted in cure. 
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SPLENOMEGALY OF THE BANTI TYPE 


REPORT OF A CASE WITH POSTMORTEM OBSERVATIONS FOUR 
YEARS AFTER SPLENECTOMY 


LAURENCE E. HINES, M.D. 
AND 
BERTRAM FITZGERALD, M.D. 


CHICAGO 


The existence of Banti’s disease as a distinct entity is questionable. 
As Klemperer? recently pointed out, Banti’s disease is a diagnosis of 
convenience and in most instances might be abandoned if careful histo- 
logic analysis were possible. Rousselot? expressed the opinion that 
there is an obstruction in the portal circulation in all cases. In some 
cases the obstruction has been produced by infections with such agents 
as Schistosomium, the spirochetes of syphilis, malarial parasites, various 
fungi and diphtheroid organisms. The largest group with known 
obstructive factors comprises those with mechanical interference and 
includes such entities as: thrombosis of splenic veins or of the portal 
vein; stenosis of splenic veins; obstruction of the portal vein from 
external pressure; congenital narrowing of the portal bed in the liver 
with patent umbilical vein and hypertension of the portal vein ; cavernous 
transformation of the portal vein, and portal and biliary cirrhoses. 
There is still another group in which the obstructive mechanism has not 
been demonstrated. Some investigators believe that in this group there 
is hypertension of the portal vein without anatomic changes of the 
portal system. Referring to this type, McMichael * expressed the belief 
that the thickening of the splenic and portal veins and the periellipsoid 
hemorrhage in the spleen are anatomic evidences of the condition. 
Among the 31 cases studied by Rousselot there were 15 in which no 
obstructive factor could be demonstrated at the time of operation. He 
emphasized that this type presents the widest gap in the evidence to 
support the theory of venous obstruction as the causative agent. In 
a unique way our case shows that an obstructive factor not apparent at 
operation was present and eventually caused the death of the patient. 





1. Klemperer, P.: Arch. Path. 22:573, 1936. 
2. Rousselot, L. M.: J. A. M. A. 107:1788, 1936. 


3. McMichael, J.: J. Path. & Bact. 39:481, 1934. 
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REPORT OF CASE 


History—In August, 1932, at the age of 45, A. S., a white man, consulted a 
physician because of fatigability, lassitude, constipation and dyspnea. Urinalysis, 
examination of the stool, fractional gastric analysis and a Wassermann test of 
the blood gave essentially negative results except for carious and infected teeth 
and anemia. The hemoglobin was 59 per cent; the erythrocyte count was 


2,930,000 ; the leukocyte count, 6,530, with 80 per cent neutrophils, 19 per cent 


lymphocytes and 1 per cent eosinophils. Extraction of the carious teeth and iron 
therapy caused rapid improvement, with return of the blood count to normal in 





Fig. 1.—Section of liver showing fibrosis around veins, an artery and a bile 
duct. 


three months. In February 1933 an attack of profuse vomiting of blood occurred 
and the stools became tarry; the hemoglobin fell to 46 per cent and the erythrocyte 
count to 3,930,000. Although the spleen was palpable at this time, the presence 
of a deformity in the duodenum, revealed by roentgenograms, prompted the diag- 
nosis of a bleeding peptic ulcer. Again under appropriate management the blood 
count returned to normal. On September 2, another severe hemorrhage developed. 
At this time the spleen was definitely enlarged, and a clinical diagnosis of Banti’s 
disease was made. After two months’ preparation of the patient, including blood 
transfusions, the spleen was removed by Dr. H. M. Richter, at Passavant Memo- 
rial Hospital. The pathologic report of Dr. James P. Simonds was: “The 
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specimen is a spleen weighing 555 Gm. and measuring 5.5 by 9 by 18 cm. The 
external surface varies from grayish to purplish red and shows numerous pin- 
point to millimeter size dark red areas. The splenic corpuscles are small and 
widely separated; some of them show areas of fibrosis and hemorrhage about the 
blood vessels. The pulp is increased in amount and shows extensive fibrosis. 
The pathologic diagnosis is chronic splenitis (Banti’s disease? ).” 

The recovery from the operation was prompt, and the patient remained rela- 
tively free from symptoms for the next four years except for a persistent tendency 
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Fig. 2—Section of spleen removed in 1933, showing dilated venous sinuses 
and diffuse fibrosis. 


toward anemia. Iron and liver therapy were employed constantly during this 
period to maintain a normal blood count. In November 1937, pneumonia developed, 
with a temperature as high as 103 F. On November 30, the patient, convalescing 
from this infection, fainted while straining at stool and was sent to St. Joseph’s 
Hospital with evidence of marked hemorrhage. In spite of six blood transfusions 
he continued to pass large quantities of blood in the stools and died Dec. 5, 1937. 

Necropsy.—The anatomic observations eight hours after death were: marked 
varicosities of the esophageal veins; a blood-filled stomach and bowel; slight 
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periportal fibrosis of the liver; absence of the spleen; generalized anemia; bilateral 
hypostatic bronchopneumonia; extensive peritoneal adhesions around the site of 
the spleen; moderate atherosclerosis of the aorta and coronary arteries; marked 
lymphoid hyperplasia of the intestine; fibrous pleuritis on the right. 

The peritoneal cavity contained no excess of fluid. At the site of the spleen, 
which was absent, there were dense adhesions, which extended to the colon, to 
the diaphragm and to the greater curvature of the stomach. There were also a 
few adhesions between the gallbladder and the duodenum, but none was present 
near the lesser curvature of the stomach. There was no thrombosis of vessels 
in the mesenteries. The portal vein was patent and empty. There were no 
changes in the extrahepatic bile ducts. The liver was normal in size, weighing 
1,475 Gm. The capsule was smooth. The consistency of the liver substance was 
normal. The cut surfaces were pale yellow-brown with visible but indistinct 
lobular markings. In the lower third of the esophagus large tortuous veins were 
clearly visible. No perforation of these veins could be demonstrated even by 
injection of methylene blue-colored solution. No ulceration or erosion was present 
in the stomach or intestines. 

Microscopic Examination.—Sections of the aorta, lungs, heart muscle, adrenal 
glands, stomach, intestine, prostate gland and kidneys showed no changes except 
those already mentioned. The sections of the liver revealed cloudy swelling and 
slight fatty changes. As shown in figure 1, there was moderate proliferation of 
fibrous tissue around veins, bile ducts and hepatic arteries. Slight mononuclear 
infiltration of this portion was present. Fibrous increase was limited to this 
portion of the hepatic lobule. 

COM MENT 


In 1933 a diagnosis of Banti’s disease was made on a patient with 
symptoms of splenomegaly, intestinal hemorrhage, anemia and leuko- 
penia. The spleen, surgically removed, revealed the changes usually 
ascribed to the Banti syndrome. No lesion obstructive of the portal 
circulation was found at operation, and the liver showed no evidence 
of cirrhosis. If the investigation had ended here, it would have been 
necessary to classify the case as a typical example of Banti’s disease or 
as a case of portal obstruction with the obstructive mechanism not 
demonstrated. The anemia persisted for four years after splenectomy 
and then death followed profuse hemorrhage from esophageal varices. 
Again, at necropsy gross inspection revealed a liver which showed no 
evidence of portal cirrhosis. The extensiveness of the esophageal vari- 
cosities, however, compels one to the conclusion that hypertension of 
the portal vein or some other type of obstructive mechanism was affect- 
ing the portal system. The microscopic observation of fibrosis around 
the portal radicles in the liver supports this conviction. It has been 
pointed out rightly by Johnston‘ that the factor of importance in the 
liver is not the amount of fibrosis but the degree of vascular narrowing. 
He has observed patients with little gross scarring and even little micro- 
scopic scarring but with evidence of high grade obstruction of the portal 


4. Johnston, J. M.: Ann. Int. Med. 4:772, 1931. 
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vein. In this case there is evidence of hypertension of this vein persist- 
ing for over four years. This conclusion is suggested by the following 
chain of events: the initial severe gastrointestinal hemorrhage which, 
because of the absence of scars in the stomach and duodenum at 
necropsy, must be considered as probably the result of rupture of 
esophageal varices; the persistence of anemia during the four year 
interval between splenectomy and death; the demonstration of extensive 
esophageal varicosities as the source of the terminal hemorrhage; the 
absence of gross changes in the liver at operation and at death four 
years later. Although the microscopic changes in the liver were of 
slight degree, they were associated with narrowing of the portal channels 
and must be regarded as the obstructive mechanism in this case. The 
cause of the fibrosis was not shown. 


SUMMARY 
The hypertension of the portal vein which was present in a case 
of splenomegaly of the Banti type was not corrected by splenectomy ; 
death occurred four years later from rupture of esophageal varices; 
intrahepatic periportal fibrosis of a mild degree was the only demon- 


strable obstructive factor found at autopsy. 

















REACTIONS TO BLOOD TRANSFUSION 


AN ATTEMPT AT ETIOLOGIC CLASSIFICATION ; THERAPY 
BASED THEREON 


BERNARD FANTUS, M.D. 


LINDON SEED, M.D. 
AND 
ELIZABETH SCHIRMER, M.D. 
CHICAGO 


Now that preservation of blood may be considered an accomplished 
fact and since the availability of blood for transfusion has made blood 
transfusion a commonplace rather than an exceptional procedure the 
prevention of reactions assumes a role of ever greater importance. 

A study of the prevention of these reactions is therefore mandatory, 
and this demands an understanding of their genesis and of the pathologic 
changes that mark them. Unfortunately, there has not been, so far as 
we know, a systematic or successful study of this kind and we are 
hoping that the great amount of material now available at Cook County 
Hospital and the pressing need of the situation will yield at least some 
useful information and that this may result in more successful treat- 
ment or possibly prevention of these unpleasant and even serious after- 
effects. 

The following tentative etiologic classification is submitted with the 
hope that it may be of some help to others in scrutinizing these reactions 
to see whether they may fall into certain natural classifications. The 
more pointed study to which it may lead may possibly bring a better 
understanding of what is happening. 

It is obvious that the reactions must be due to (a) a fault in the 
technic or in the blood that is being transfused, and for reactions of 
this kind the term “technical reactions” might be proposed to distinguish 
them from reactions due to (b) the peculiar state of the recipient; 
for the latter the term “‘autogenous reactions” might be suggested. 


TECHNICAL CAUSES OF REACTIONS 
The reactions due to faults of technic or of blood may be classified 


under the following headings: 
- 


1. Use of Unclean Apparatus——At Cook County Hospital, prior 
to the development of the Sterile Supplies Department, in charge of 


From the Blood Preservation Laboratory of the Cook County Hospital. 
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Miss Lillian E. Larson, the reactions following indirect transfusions 
exceeded 33 per cent. They were so numerous and alarming that for 
a time indirect transfusions were not permitted in this hospital. It was 
then discovered that many of these reactions were due to the use of 
insufficiently cleaned apparatus. The ‘‘cleansing” of the apparatus by 
the attendants in the wards frequently left small blood clots in the 
tubing. That this residue of blood was one of the chief causes for a 
large number of these reactions was proved by the fact that from the 
time the preparation and sterilization of the equipment were taken over 
by the Sterile Supplies Department the percentage of reactions was 
reduced by more than two thirds. The technic that prevents reactions 
from this source is as follows: Transparent rubber tubing is used. The 
tubing and all other apparatus, such as nipples and adapters, are scrupu- 
lously cleansed with sodium hydroxide solution and repeatedly rinsed 
with sterile distilled water, then promptly dried and sterilized. The 
needles are cleansed with hydrogen peroxide solution and further 
cleansed by running distilled water, alcohol and ether through them. 

2. Disease of the Donor.—The donor must be free from transmis- 
sible diseases, and the blood must be submitted to the Wassermann and 
the Kahn test and examined for Plasmodium malariae. In the early 
days of this laboratory we made routine cultures of blood for several 
months and found it so uniformly negative that culturing of the pre- 
served blood has been discarded as unnecessary. 

The donor should present himself with an empty stomach and should 
be free from alcohol, because the lipemia following a meal and the 
presence of alcohol in the blood interfere with the interpretation of 
the Wassermann and Kahn tests. An empty stomach is also necessary 
to prevent introduction of food metabolites into the system of an allergic 
person. 

To prevent the possible transmission of allergy, a thorough history 
of the donor should be obtained with special reference to idiosyncrasies, 
especially intolerance of foods. That the passive transmission of allergy 
is possible does not seem to have been disproved. 

3. Lysis of the Donor’s Blood.—Everything possible must be done 
to prevent hemolysis. This includes the use of isotonic anticoagulant 
solution, the avoidance of severe agitation of the blood, which tends 
to disrupt the blood corpuscles, and the earliest possible storage of the 
blood in a refrigerator that preserves it at just a little above freezing 
point (about 4 C.). In the present state of our technic, blood stored 
for more than one week is liable to contain enough dissolved corpuscles 
to give a higher percentage of reactions than blood that has not been 


stored such a length of time. 
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4. Faulty Typing.—Blood must be carefully typed and matched for 
incompatibility within the group. As a number of subgroups exist, 
particularly in types AB and A, special care must be used in cross- 
matching these groups. If there is any doubt as to the compatibility 
of the bloods, the slides should be placed in an incubator. The typing 
serum to be employed should be of a high titer, as this lessens the 
chances of error in typing. 

The immediate symptoms of incompatibility, which indicate prompt 
cessation of the infusion, are restlessness, pain in the back and thorax, 
flushing of the face, distressed breathing, fall in blood pressure, either 
slow or rapid, feeble pulse and finally cold, clammy skin. When a trans- 
fusion is being given to anesthetized or comatose patients, careful watch- 
ing of the blood pressure, pulse and respiration and of the patient’s 
color should give warning. An intramuscular injection of from 0.5 to 
1 cc. of solution of epinephrine hydrochloride, possibly with 0.5 mg. 
of atropine sulfate, may be of value. 

The late symptoms of incompatibility of blood are hemolysis with 
fever, jaundice, hemoglobinuria, suppression of urinary secretion and 
possibly final uremia. Prompt alkalinization of the urine, by prevent- 
ing acid hematin precipitation within the tubules of the kidney may 
lessen the tendency toward suppression of the renal function. In an 
elective blood transfusion, it may be well to see to it that the patient’s 
urine is alkalinized before the transfusion and kept thus sufficiently 
long to prevent such an occurrence. 

5. Faulty Administration——There is a possibility that blood that 
has been delivered in perfectly good condition may become lysed by 
excessive agitation. It is also probable that careless heating of blood 
so as to bring it up to the point of incipient coagulation has been 
responsible for some reactions, and it would surely be better not to heat 
the blood than to run this risk, provided the infusion is given, as it 
should be, drop by drop. That there is danger of “speed shock” or of 
overwhelming a weak myocardium by excessively rapid administration 


must also be recognized. 


AUTOGENOUS CAUSES OF REACTIONS 


1. Susceptibility of the Patient to Shock.—Shock, possibly analogous 
to traumatic or anaphylactic shock, may be due to the patient’s suscepti- 
bility to its occurrence by reason of autonomic imbalance. If it occurs, 
the patient’s head should be lowered at once, and external heat and an 
intramuscular injection of solution of epinephrine hydrochloride (0.5 
cc. for an adult, 0.1 cc. for a child) given. In a life-threatening condi- 
tion the remedies to be tried are an extreme head down position, artificial 
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respiration and administration of oxygen with carbon dioxide. Ephe- 
drine sulfate (0.05 Gm.) given by mouth fifteen minutes before the 
transfusion may possibly be prophylactic. 

2. Tendency Toward Thermic Reactions—These may be chill with 
fever or fever without chill or chill without fever. A tendency toward 
these reactions may possibly be anticipated in febrile patients given 
transfusions or in patients who are convalescent from a febrile disease. 
Thermal reactions must not be treated with epinephrine, as it aggravates 
the tendency toward rigor. Amyl nitrite, inhaled, on the other hand, 
tends to antagonize the chill by its vasodilator action and, by this 
action, as well as by lessening the shivering, to lessen the ensuing febrile 
reaction. It helps the hot blanket pack which should also be used in 
warming up the patient. The hot blankets should be removed as soon 
as the chill is at an end; otherwise they increase the fever. The rise 
in temperature should be treated as would be pyrexia of the same degree 
from other causes. The routine use of morphine sulfate (0.01 Gm.) 
hypodermically when the infusion is started not only contributes to the 
comfort of the patient but also may prevent a thermic reaction. It may 
be worth while to give by mouth to patients thought to be predisposed 
to the thermic reaction 1 Gm. of acetylsalicylic acid at the time the 
infusion is started. 

3. Autogenous Allergy—This condition may be considered the cause 
of those urticarial reactions that cannot be attributed to passive allergy. 
Such reactions may be accompanied by swelling of lymph nodes and 
sore throat, by eosinophilia, by joint pains and swelling and possibly by 
pyrexia. They can probably be minimized by using fasting donors only 
and by not employing again a donor whose blood has given rise to any 
trace of reaction. It would be interesting to determine whether, in a 
transfusion of election, a conjunctival or cutaneous test might give 
warning of the probability of this occurrence. Injections of solution of 
epinephrine hydrochloride (0.5 cc.) are exceedingly valuable and should 
be repeated as frequently as required; phenolated (0.5 per cent) lotion 
of calamine may help in allaying the itching. Arthralgia and fever may 
be relieved by acetylsalicylic acid, from 0.3 to 0.6 Gm. every two to 
four hours. 

4. Lysis of the Patient’s Blood—This may be due to abnormal 
fragility of the patient’s red blood corpuscles or to a lytic tendency of 
the patient’s serum, caused by his disease, and not of such intensity as 
to be discovered by crossmatching. Whenever icterus or subicterus is 
present, a hemolytic tendency in the patient should be suspected and one 
should be reluctant to introduce foreign red blood cells into the circula- 
tion of such a patient. In such cases serum without the erythrocytes 
is likely to be better tolerated. If the red blood corpuscles seem to be 
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required, the blood should be given in small doses repeatedly and the 
effect of each dose on the icterus carefully estimated. Alkalinization 
therapy should be instituted for all such patients to prevent acid hematin 
block of the kidneys. 
COMMENT 

This attempt at classification of reactions to blood transfusion must 
not be considered as more than suggestive and theoretic. It is better, 
however, to have a theory that may sharpen one’s senses to prove or 
disprove it than to feel helpless and hopeless without one. 
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MIXED TUMORS OF THE LUNG 


SO-CALLED BRONCHIAL OR PULMONARY ADENOMA 


NATHAN A. WOMACK, M.D. 


AND 
EVARTS A. GRAHAM, M.D. 
ST. LOUIS 


During the past two decades a new impetus has been given to the 
study of neoplastic changes in the lungs and bronchi. Previous to this 
time, with only few exceptions, knowledge of such conditions depended 
almost entirely on observations made at autopsy, the study of advanced 
lesions. With the advent of the bronchoscope it soon became possible 
to make biopsies on many tumors relatively early in their development. 
The rapid advances made in thoracic surgery have made the removal of 
such growths oftentimes feasible. As a result of such diagnostic and 
therapeutic achievements, the clinician has been confronted with early 
neoplastic appearances concerning which he has had but little previous 
experience, and consequently considerable confusion both in the termi- 
nology and in the interpretation of these pathologic conditions has 
occurred. 

In a recent review of our cases of primary cancer of the lung,’ we 
were impressed by the fact that descriptive terms based on the morpho- 
logic picture were misleading. The pleomorphism of many of these 
tumors made it possible to find various morphologic pictures in the 
same growth. Such terms, therefore, as “adenocarcinoma,” “alveolar 


carcinoma,” “mucous gland carcinoma,” “oat cell carcinoma,” “squamous 
cell carcinoma” and “round cell carcinoma” became untenable. We found 
it advisable to classify these cancers not by their morphologic picture but 
by their cell origin, and since all epithelial elements in the bronchus and 
lung can be traced to the embryonic bronchial entoderm we accepted the 
term “bronchiogenic carcinoma” to include all cases of primary bronchial 
cancer. We called attention to the fact that such a simplification of 
terminology in the study of other tumors, such as osteogenic sarcoma 
and fibrosarcoma, had greatly aided the clinician in his conception of the 
underlying process involved in the study of these particular diseases. 


From the Department of Surgery, Washington University School of Medi- 
cine, and the Barnes Hospital. 
1, Tuttle, W. M., and Womack, N. A.: J. Thoracic Surg. 4:125, 1934. 
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The fact that most primary bronchial cancers have their origin from 
the lining bronchial epithelium or mucous glands is for the most part 
generally agreed on. Apparently normal adult epithelium under certain 
conditions can undergo that type of “somatic mutation” resulting in 
the development of clinical carcinoma. This has been observed in man 
in cases of early cancer discovered accidentally at autopsy * and in the 
experimental animal with the use of carcinogenic agents.* While 
bronchiogenic carcinomas may vary widely in their morphologic differ- 
entiation, they all possess one feature in common, and that is, they are 
made up entirely of epithelium that tends to invade the normal bronchial 
wall and pulmonary parenchyma. 

To this main group of obviously malignant growths it is necessary to 
add another group of tumors, reports of which are being found with 
increasing frequency in the literature. The bronchoscopists especially 
are adding to knowledge here. These tumors may contain both 
mesenchymal and epithelial elements or may tend to exist in a purer 
form. Because of the multiplicity of tissues often encountered, the 
terminology has been varied. Among the many names used are 
“adenoma,” “endothelioma,” ‘“chondroma,’” “osteoma,” “fibroma,” 
“myoma,” “lipoma,” “angioma” and “carcinoids” or combinations of 
two or more of these terms. In reviewing the reported cases and in 
studying our own it has seemed to us that these tumors fall into a more 
or less well defined group but that the clinical course may be varied. We 
have encountered many such cases, only 11 of which will be considered 
in this paper. While in most instances epithelial overgrowth has been 
predominant, enough of the mesenchymal elements have been present to 
make it worth while to consider the group as a whole. In this series 
of cases, with two exceptions, we have had the opportunity to examine 
specimens removed at bronchoscopic examination and subsequently the 
entire tumor growth in situ following either lobectomy or total 
pneumonectomy. We likewise have been able to observe the type of 
healing that takes place in the tumor after biopsy and, in several of the 
cases, the effect of treatment with intensive roentgen radiation of high 
voltage. 

Briefly we consider that all of the tumors mentioned except those 
arising from adult mucous membrane belong to a single embryologic 
category. We prefer to think of them as mixed tumors somewhat like 
the mixed tumors of the parotid gland and with a potentiality for 
malignant change similar to tumors of the salivary glands. By that we 
mean that they are composed of either one or two germinal layers 
(mesoderm and entoderm in this particular case) and never three. 


2. Gray, S. H., and Cordonnier, J.: Arch. Surg. 19:1618, 1929. 
3. Murphy, J. B., and Sturm, E.: J. Exper. Med. 42:693, 1925. 
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Albrecht * in 1904 used the term “hamartoma” but not in connection with 
these pulmonary tumors. By this term he meant a tumor derived from 
tissues normally present in the organ which for some unknown reason 
have failed to grow along normal architectural lines. This conception 
is especially attractive in the light of recent developments in experimen- 
tal embryology as regards organizer effects. It infers a failure of 
normal development of bronchial anlages rather than misplacement of 
bronchial anlages. 

The development of the lungs is excellently described by Flint.’ He 
noted, as have others, that the anlage is asymmetrical and develops from 
the ventral portion of the head gut, soon becoming separated in its caudal 
portion as it extends downward in front of the esophagus. From the 
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Fig. 1—A, drawing taken from Flint 5 showing the early formation of bronchial 


buds from the tracheal anlages. B, drawing taken from Flint ® showing a later 
stage in bronchial development, with dorsal, lateral, ventral and medial buds. 


caudal end of this anlage the stem bronchi arise as lateral outgrowths 
completely separated from the digestive tube. As these stem bronchi 
dilate and bend dorsalward around the esophagus, other bronchi develop 
from them laterally, dorsally, ventrally and medially (fig. 1). 

The first such branching is the lateral or eparterial bronchus that 
grows from the right stem bronchus to develop eventually into the upper 
lobe of the right lung. Certainly in mammals this appears to be an 
unpaired element, since there is no similar formation on the left side. 
The remaining branches of the lateral group of bronchi originate as 
successive protrusions from the wall of the main stem bronchus. 


4. Albrecht, E.: Verhandl. d. deutsch. path. Gesellsch. 7:153, 1904. 
5. Flint, J. M.: Am. J. Anat. 6:1, 1906, 
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The dorsal bronchi have a similar origin and are also generally 
paired, alternating with the paired lateral bronchi. In the same way 
the ventral and medial bronchi develop as outgrowths from the stem. 
All of these main bronchi have a monopodial type of growth, which 
apparently does not result from bifurcation of the end bud. 

The general mesoderm about the head gut gives rise to the meso- 
dermal portions of the lungs. These bronchi, at first simple tubes lined 
by a double row of epithelial cells, become surrounded by a deposition 
of fibrils from the connective tissue syncytium. Some of these fibrils 
become transformed into muscle. Later cartilage appears in the peri- 
muscular syncytium, and mucous glands grow in from the lining epithe- 
lium. The stem bronchi are surrounded by a capillary bed, into which 
the newly formed bronchi grow, with subsequent development of the 
rather complex vascular tree. 

The development of lobules and lobes occurs later. It would not be 
surprising in this intricate development of the respiratory tract if 
anomalies were frequent. Indeed, Flint remarked that 


noteworthy are the great variations found in the production of various bronchi. 
The lateral series are by far the most constant elements of the tree. Still it is 
not uncommon to find either an extra element formed or else to see one of the usual 
elements suppressed. As the common number of lateral elements is six on the right 
side and five on the left, the extremes may vary between five and seven on the 
right side and four and six on the left. In the case of the dorsal series, the varia- 
tion is even more marked than in the lateral. 


The cause of such failures of complete bronchial development is a 
subject for conjecture, so complex are the many spatial and chemical 
organizer effects involved. A defect in normal axial formation or in 
tissue orientation must result in structural deformity. And while these 
deformed areas will probably possess most of the normal tissues of the 
bronchus, the proportion of entoderm to mesoderm and the differ- 
entiation and arrangement of both structures may be varied, resulting in 
tumor formation. 

As one would expect, many such “tumors” have been described, and 
in this review we have grouped them roughly into two classes, depend- 
ing on whether the mesodermal or the entodermal elements predominate. 
We think such a classification important, for in our experience 
malignant changes are more frequently observed in those instances in 
which the epithelium is dominant. 


REVIEW OF THE LITERATURE 
Cases in Which Mesodermal Elements Are Dominant.—(a) Chon- 


droma. This has been by far the most frequently described type in this 
group. Hickey and Simpson ® in 1926 were able to find 42 cases, and 





6. Hickey, P. M., and Simpson, W. P.: Acta radiol. 5:475, 1926. 
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Verga‘ in 1932 was able to collect 61. For the most part tumors of 
this type have not produced symptoms, and the vast majority have been 
discovered accidentally at autopsy. Several have been diagnosed by 
roentgenogram, and at least 2 were successfully removed (Klages * and 
Alexander, cited by Benninghoven and Peirce®). Chondroma may be 
found either in the lung parenchyma or in close association with a 
bronchus. There are many detailed and excellent articles on this type 
of tumor.’° Two features are, however, worthy of emphasis. This 
type of tumor generally grows slowly and is therefore usually benign. 
Greenspan,'! however, described a case in which an osteoid chondro- 
sarcoma arising in a bronchus invaded the lung and heart and produced 
death. The other feature is the fact that pure chondroma is extremely 
rare. In most of the reported instances there are associated epithelium, 
fibrous tissue and fat in varying amounts. 

(b) Osteoma. Most of the tumors of this type represent calcification 
of areas of cartilage or an apparent calcific transformation of fibrous 
tissue in some of the glandular tumors. The latter must be dis- 
tinguished from the diffuse areas of calcification of supporting fibrous 
tissue of the lung which are occasionally encountered. 

(c) Fibroma, Lipoma, Myoma, Angioma. These types may all be 
considered together, for, with the exception of lipoma, which occasionally 
exists alone, they are generally found associated with each other. The 
presence of fat tissue is interesting. Such tissue made up the bulk of 
one of the first endobronchial tumors reported, that of Rokitansky.'* 
It may be possible to explain the presence of this tissue on the basis of 
the occurrence of occasional fat tissue in the submucosa of the major 
bronchi, as has been suggested. Another explanation that has been 
offered is that the fat tissue represents bits of included mediastinal 
tissue. The first idea seems to be the more tenable of the two if 
histologists are to accept the “hamartoma” conception of tumors of 
this type. Again the reader is referred elsewhere for detailed reports 
7. Verga, P.: Pathologica 24:1, 1932. 

8. Klages, F.: Beitr. z. klin. Chir. 151:661, 1931. 

9. Benninghoven, C. D., and Peirce, C. B.: Am. J. Roentgenol. 29:805, 1933. 

10. Moller, A.: Virchows Arch. f. path. Anat. 291:478, 1933. Peters, R.: 
Beitr. z. path. Anat. u. z. allg. Path. 89:484, 1932. Moore, A.: Centralbl. f. allg. 
Path. u. path. Anat. 55:321, 1932. Pilot, I.: Radiology 14:391, 1930. McGlumphy, 
C. B.: J. Cancer Research 8:482, 1924. 

11. Greenspan, E. B.: Am. J. Cancer 18:603, 1933. 

12. von Rokitansky, C.: Lehrbuch der pathologischen Anatomie, ed. 3, Vienna, 
W. Braumiiller, 1861, vol. 3, p. 25. 
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of growths of this type.* It should be pointed out that, while 
sarcomatous change must be exceedingly rare, symptoms of bronchial 
obstruction are common. This is due to the frequent endobronchial 
occurrence of this type of lesion in the form of pedunculated polyps. 
These obstructive complications, especially advanced bronchiectasis, may 
have a most serious consequence. While such tumors are often easily 
removed bronchoscopically, the obstructive sequelae may require surgical 
intervention. 

Cases in Which Epithelial Elements Are Dominant.—(a) Adenoma. 
This is the type in regard to which the most confusion has occurred 
both in diagnosis and in treatment. A decade ago there were only a few 
scattered cases reported, while at present over 100 different examples 
of this tumor can be identified with ease,’* and there are doubtless many 
more. From the increasingly frequent recognition of tumors of this 
type and from a review of our own cases we are of the opinion that this 
type represents one of the more common varieties of bronchial or pul- 
monary tumors. While most of the chondromatous tumors have been 
encountered accidentally at autopsy, one is impressed by the fact that 
in relatively few of the cases of so-called adenoma has the growth been 


13. Knack: Deutsche med. Wchnschr. 44:1007, 1918. Pfeiffer, W.: ibid. 47: 
1298, 1920. Feller, A.: Virchows Arch. f. path. Anat. 286:470, 1922. Jesberg, 
S.: Ann. Otol., Rhin. & Laryng. 35:905, 1926. Burrell, L. S. T., and Trail, R. R.: 
Lancet 2:1180, 1927. Zinn, W. F.: Ann. Otol., Rhin. & Laryng. 36:278, 1927. 
Myerson, M. C.: Am. J. M. Sc. 176:720, 1928. Matras, A.: Wien. klin. Wcehn- 
schr, 42:1369, 1929. Zamora, A. M.: J. Laryng. & Otol. 46:829, 1931. Patterson, 
E. J.: Arch. Otolaryng. 12:739, 1932. Alstead, S.: Lancet 2:339, 1932. Jackson, 
C., and Jackson, C. L.: Tr. Sect. Laryng., Otol. & Rhin., A. M. A., 1932, p. 43. 
Kunz, H.: Deutsche Ztschr. f. Chir. 249:109, 1937. Hoche, O., and Quastler, 
H.: Arch. f. klin. Chir. 188:567, 1937. 

14. Stilling, H.: Virchows Arch. f. path. Anat. 83:77, 1881. Radestock: 
Beitr. z. path. Anat. u. z. allg. Path. 3:289, 1888. Kreglinger, G.: Frankfurt. 
Ztschr. f. Path. 12:135, 1913. Orton, H. B.: Laryngoscope 34:97, 1924. Heine, 
J.: Verhandl. d. deutsch. path. Gesellsch. 22:293, 1927. Reisner, D.: Arch. 
Surg. 16:1201, 1928. Kramer, R.: Ann. Otol., Rhin. & Laryng. 39:689, 1930. 
Geipel, P.: Frankfurt. Ztschr. f. Path. 42:516, 1931. Wessler, H., and Rabin, 
C. B.: Am. J. M. Sc. 183:164, 1932. Boemke, F.: Virchows Arch. f. path. Anat. 
288 :641, 1933. Fried, B. M.: Arch. Otolaryng. 20:375, 1934. Boger, A., and 
Voit, K.: Klin. Wechnschr. 13:526, 1934. Morlock, H. V., and Pinchin, A. J. S.: 
Brit. M. J. 2:332, 1935. Rabin, C. B., and Moolten, S.: Tr. Am. A. Path. & 
Bact., 1935, p. 886. Kramer, R., and Som, M. L.: Ann. Otol., Rhin. & Laryng. 44: 
861, 1935. Kernan, J. D.: ibid. 44:1167, 1935; Laryngoscope 45:760, 1935. 
Rosenblum, P., and Klein, R. I.: J. Pediat. 7:791, 1935. Hollman, W.: Med. 
Klin. 32:1585, 1936. Adenoma of Bronchus, Cabot Case 22231, New England 
J. Med. 214:1149, 1936. Gerlings, P. G.: J. Laryng. & Otol. 51:508, 1936. 
Roux-Berger, J. L., and Debroise, G.: Mém. Acad. de chir. 62:654, 1936. Gowar, 
F. J. S.: Proc. Roy. Soc. Med. 30:673, 1937. Zamora, A. M., and Schuster, N.: 
J. Laryng. & Otol. 52:337, 1937. Welt, B., and Weinstein, S.: Laryngoscope 
47:30, 1937. Edwards, A. T., and Taylor, A. B.: Brit. J. Surg. 25:487, 1938. 
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recognized after death. Do tumors of this type take on malignant 
characteristics or growth so that at autopsy they cannot be differentiated 
from far advanced bronchiogenic carcinoma? We are inclined to the 
belief that many of them do. Such malignant change has also been 


‘noted by others.’ It is of the greatest importance that this question 


be answered, because on it must be based a logical method of treatment. 
If such a tumor will not invade the surrounding tissue with serious 
consequences, partial destruction by forceps, diathermy or radium, 
sufficient to relieve the bronchial obstruction, will suffice. If, however, 
the tumor is malignant or potentially malignant, it should be removed in 
its entirety, a procedure which will often entail lobectomy or 
pneumonectomy. 
PATHOLOGIC FEATURES 


A definite pathologic picture is apparent. The tumor is about as 
frequent in females as in males, in sharp contradistinction to the usual 
type of bronchiogenic carcinoma, which is much more commonly seen 
in males. In our experience the lower lobes are more frequently involved 
than the upper, and in every instance of our own the tumor was located 
either in a primary bronchus or near enough to it to be easily accessible 
to the bronchoscopist. Obstructive effects, therefore, have generally 
involved a considerable amount of pulmonary tissue. The size of the 
growth is extremely variable and bears no relationship to benignancy, 
since lymphatic permeation with metastases to lymph nodes has been 
observed in a tumor about the size of a pea. In all of our cases the 
lesion was connected to the bronchus by a broad sessile base in such a 
way that it was impossible for the bronchoscopist to obtain a clear con- 
ception of the true limits of the tumor. The amount and shape of the 
tissue projecting into the lumen of the bronchus were no indication 
as to the amount of extension that had occurred throughout the} pul- 
monary side of the bronchus. In fact, in some cases only a small nedule 
of the main tumor projected into the lumen. As a result it was 
impossible to state from endoscopic observation whether the lesion was 
still a small one, limited to that part seen within the bronchus, or 
whether it was a more extensive tumor. Gross evidence of ulceration 
was rarely seen and when present was generally transient and never 
large. 

Microscopically the appearance of the mixed tumor of the lung is 
generally characteristic enough for a diagnosis of the type of lesion and 
for it to be distinguished from the mucosal bronchiogenic carcinoma. 


In every instance in our series the tumor was covered by the 
epithelium of the bronchus, although usually this had undergone 


15. Kirch, E.: Centralbl. f. allg. Path. u. path. Anat. 28:545, 1917. von Pein, 
H.: Miinchen. med. Wchnschr. 76:1888, 1929. Malkwitz, F.: Frankfurt. Ztschr. 
f. Path. 26:189, 1922. 
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squamous metaplasia. Nowhere did the mucosal epithelium take on a 
malignant appearance. Directly beneath this epithelial layer there was 
found a considerable amount of fairly dense fibrous tissue, which at 
times was edematous and at other times very vascular. The thickness 
of this fibrous layer was variable, often being so deep that the biopsy 
forceps did not penetrate it. On such occasions it would have been easy 
to make the erroneous diagnosis of a purely fibroblastic tumor. In other 
cases epithelial invasion extended directly to this mucosal lining. Beneath 
the fibrous layer there were epithelial cells, generally arranged in nests 
resembling fetal alveoli and separated from each other by a stroma 
consisting for the most part of blood vessels and loose edematous fibrous 
tissue. At times this vascular stroma was so extensive as to suggest 
angioma. In such instances the diagnosis of endothelioma has often 
been made. In other tumors the stroma was dominated by cells of the 
fibroblastic series, and areas of fibrosis, fibrous and hyaline cartilage and 
even bone were seen. In these tumors strands of smooth muscle and 
nests of fat cells were not infrequent. Mitotic division was rarely seen 
in the epithelial cells. They were for the most part composed of small 
round darkly staining nuclei with a scant amount of cytoplasm, and 
mitotic figures were difficult to identify. Sections taken from different 
portions of the tumor frequently showed different phases of growth. 
Often the stroma became scant, and the epithelial cells increased in size 
and presented a much more malignant appearance. At times the micro- 
scopic resemblance of the tumor to the lung of a 16 week old human 
fetus was remarkable (fig. 2). In one of Churchill’s *® cases, the 
anatomist Bremer exclaimed when he saw the sections, “This is fetal 
lung.” 

It is interesting also that anomalies of various kinds have not 
infrequently been associated with these mixed tumors, a point which adds 
weight to the conception that they are formed from anlages that have 
failed to pursue normal development. Abnormal lobulation of the lung 
was the most frequent anomaly that we encountered. In one of our 
cases in which total pneumonectomy was performed, there were several 
accessory bronchi passing directly from the trachea to the affected lung. 
Anatomic abnormalities in connection with so-called adenoma have been 
noted by other writers.'’ 

Although several of these tumors were subjected to fairly extensive 
exposure to roentgen rays, amounting at times to as much as 1,500 roent- 
gens through each of three portals, in no instance did we encounter 
microscopic changes that we could ascribe to an effect of roentgen 


16. Churchill, E. D., in discussion on Symposium on Surgery of the Lungs 
and Mediastinum, J. Thoracic Surg. 6:335, 1937. 

17. Schwyter, M.: Frankfurt. Ztschr. f. Path. 36:146, 1928. Esch, P.: 
Arch. f. Gynak. 133:32, 1928. Gray, S. H.: Personal communication to the 
authors. 
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Fig. 2.—Section taken through human fetal lung (at about 16 weeks). The 
epithelial arrangement seen in mixed tumors often resembles this stage in pul- 
monary growth (fig. 13 4). 
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irradiation. As there was likewise no clinical improvement noted at 
such times, we are of the opinion that tumors of this type are relatively 
resistant to the action of roentgen rays so far as present methods of 
therapy are concerned. 

In marked contrast to the usual types of bronchiogenic carcinoma, 
these tumors of the mixed type showed at the sites from which biopsy 
specimens had been taken bronchoscopically, prompt healing by fibrosis 
and epithelization by the bronchial mucosa (fig. 3). Whether frequent 
efforts at partial endoscopic removal may result in an increase in the rate 
of growth we are not prepared to state. 

While these tumors grossly appeared at times to be encapsulated, we 
often observed permeation of the capsule. As increased growth 
occurred, the wall was gradually encroached on and _ eventually 
permeated, with at times direct extension into the mediastinal structures 
as well as into the peribronchial lymph nodes. We observed this on 
several occasions. Metastases may take place either by way of the 
lymphatics or by way of the blood stream. This type of tumor is 
generally considered a slowly growing type, with extensions and 
metastases coming on late. As a general rule this has been true in our 
experience. We have seen one patient in whom symptoms of bron- 
chiestasis, undoubtedly due to the tumor, were present for twenty years. 
This is not always the case, however, and we wish to emphasize this 
point. We have observed extension into the mediastinal lymph nodes 
in a patient whose symptoms were of only eight weeks’ duration. In 
our experience the length of time that the symptoms have persisted is 
no criterion as to the amount of extension that has taken place. While 
most of our patients have been young adults, it is quite possible that in 
some of the young children in whom bronchiogenic carcinoma has been 
described the growth may have had its origin in a mixed tumor such as 
we have been discussing.** 

Certainly as the tumor takes on a more rapid growth the character- 
istic architecture, as described, undergoes considerable change. More- 
over, it seems possible to us that on many such occasions variations in 
the structure of this tumor have been erroneously interpreted as 
carcinoma of the round cell, oat cell, granular or alveolar type, or as 
carcinoid. 

Doubtless in many cases the tumor has been diagnosed as sarcoma 
of the lung. Likewise we feel certain that it has often been diagnosed 
as metastatic hypernephroma. Before our own conception of this lesion 
became crystallized, we made such a diagnosis: on two occasions, but 
a later examination of the tissues convinced us 6f our error. The fact 
that metastases to the adrenal gland and kidney from the original 


18. Beardsley, J. M.: Canad. M. A. J. 39:257, 1933. 
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Fig. 3 (case 1).—Healing process taking place in a mixed tumor at the site 
of a bronchoscopic biopsy. There is an overgrowth of fibroblastic tissue which 
becomes covered by metaplastic bronchial epithelium. Healing may take place 
readily after biopsy in contradistinction to other forms of tumor. 
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bronchial tumor are frequent and the fact that an arrangement of 
vacuolated cells in cords is observed to be rather common make the 
diagnosis of metastatic hypernephroma not unlikely if unusual care js 
not taken to examine more than one block of tissue. The frequency 
of metastases of bronchiogenic carcinoma to the adrenal and kidney has 
been noted before. For example, in a study of 30 of our autopsy cases 
we found metastases to the adrenal glands in no less than a third of the 
cases and to the kidneys in 26.6 per cent of the cases.’ Similarly 
Dosquet ?° found metastases to the adrenal glands in 21.8 per cent of 
cases of primary bronchial and pulmonary carcinoma, but in only 4.5 
per cent of cases of primary carcinoma arising in other organs. 

While, as we have stated, the differentiation of a tumor of this type 
is generally possible at biopsy, we are impressed by the fact that the 
examination of the biopsy specimen generally gives but little information 
as to the amount and limits of the growth. Operability, therefore, 
often cannot be determined either on bronchoscopic examination or by 
the microscopic appearance of the tissue removed endoscopically. In 
our experience operability can at times be determined only by explora- 
tion, and on several occasions we have encountered microscopic evidence 
in the tumor and surrounding tissyes suggesting extension that was not 
apparent at the operating table. 

Although some tumors of this type are undoubtedly benign when 
first seen, they should be regarded as potentially malignant. A patient 
from whom such a tumor has been removed through the bronchoscope 
should be urged to return frequently for examination. If there is 
evidence of recurrence or of incomplete removal because of broad 
attachment to the bronchial wall, we believe that radical surgical removal 
by either lobectomy or total pneumonectomy should be seriously con- 
sidered. Cases such as those recently described by Jackson and Konzel- 
mann *° in which no recurrence took place after bronchoscopic removal 
should be regarded as rare. 


REPORT OF CASES 


CasE 1—L. M., aged 43, a white woman, entered the hospital Feb. 12, 1935. 
Her chief complaint was that she had had a chronic cough with expectoration as 
long as she could remember. Pain in the right side of the chest and exaggeration of 
the cough and expectoration followed an attack of pneumonia one year before, from 
which she dated her illness althouzh she had had other attacks of influenza and 
hemoptysis. Hemoptysis, while present, had never been severe. 

Physical examination showed atelectasis of a portion of the lower lobe 
of the right lung and of a portion of the middle lobe. The laboratory work gave 
essentially normal results; the sputum showed no bacilli. February 13, Dr. M. F. 


19. Dosquet: Virchows Arch. f. path. Anat. 234:481, 1921. 
20. Jackson, C. L., and Ki.zelmann, F. W.: J. Thoracic Surg. 6:312, 1937. 
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Arbuckle, making a bronchoscopic examination, observed a granular mass, peduncu- 
lated, arising from the bronchus in the right lower lobe. Biopsy proved it to be a 
mixed tumor of the lung. Subsequent bronchoscopic examination performed three 
| days later showed the same thing. February 25 pneumothorax was induced, 350 cc. 
of air being put in. March 7 a one stage total pneumonectomy was performed on 
the right side through a posterior approach (by E. A. G.) with some difficulty 
because of the presence of several abnormal bronchi connecting the upper lobe 
directly with the trachea. The wound was closed tight. The patient got along 
fairly ‘well until her fifteenth postoperative day, when closed drainage was insti- 
tuted and about 1,000 cc. of fluid aspirated in two days’ time. Several of the 
abnormal bronchial stumps opened, and the patient showed evidence that pneu- 
monia was developing on the other side. On the twenty-third day after the opera- 
tion she died in spite of the efforts to aspirate the fluid. Autopsy showed that 
there was extension of the tumor into the mediastinal structures. 





Fig. 4 (case 1).—A, longitudinal section of lung showing incomplete division 
of lobes, with tumor obstructing the lower main bronchus. There is a considerable 
amount of secondary atelectasis and bronchiectasis. B, mediastinal surface of a 
segment of the same lung, showing anomalous arrangement of the bronchi of the 
upper lobe. 


Gross Pathologic Examination.—The material consisted of the entire right lung, 
weighing 325 Gm. The pleura was relatively smooth, and the interlobar fissures 
were well marked but not complete. In the lower main bronchus there was a 
tumor, 2 by 1 cm., extending out from the wall of the bronchus, on a broad base, 
which completely obstructed the lumen of the bronchus (fig. 4.4). Distally the 
lung drained by this bronchus showed atelectasis with fairly long-standing bronchi- 
ectasis. The tumor appeared completely encapsulated except at the bronchial wall, 
where it had its origin. This lesion was of the type that can be fairly readily 
removed bronchoscopically with the mistaken idea that it has been completely 
removed. The upper lobe showed a peculiar arrangement of the bronchi, as there 


were several abnormal thick-walled large ones leading directly from the trachea 
(fig. 4B). 
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Microscopic Examination of Tumor.—The tissue removed for biopsy showed a 
rather classic lesion. There was a small area of stratified squamous epithelium, 
beneath which could be seen a thick and moderately dense layer of vascular and 
edematous fibrous tissue, which was being invaded by nests and groups of small 
epithelial cells, tending to be arranged in acini. The stroma was rather vascular. 
The nuclei of the epithelial cells stained dark, and the arrangement was quite 
irregular, with little variation in size and shape. Mitotic figures could not be 
demonstrated (fig. 5). 

Studies of the tumor (fig. 6) revealed an entirely different picture. In the 
region from which the specimen for biopsy had been taken the resemblance was 


Fig. 5 (case 1).—Tissue removed at bronchoscopic examination. Note the 
stratified squamous epithelium of the bronchus, beneath which there is an area of 
fibrous tissue. The epithelium is arranged in alveolar formation around a loose 
vascular stroma. 
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apparent (fig. 7). Farther away there was much less stroma, although the 
vascularity remained prominent. The picture was not unlike that of a fetal lung 
of about 16 weeks (fig. 8). The wall of the bronchus was completely invaded, 
the tumor extending into the adventitia (fig. 9). Here and there one could see 
lymph vessels that had been permeated, and this was in keeping with the invasion 
of the mediastinum which was observed at autopsy. Mitotic figures were difficult 
to demonstrate, but in those regions where extension was evident the nuclei were 
larger and more vesicular and gave the appearance of more incomplete differ- 


entiation. 
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This tumor must be considered malignant in view of the fact that it 
had invaded the bronchus and extended into the mediastinum. It fulfils 
all of one’s conceptions of cancer in spite of its undoubtedly slow growth. 





i (iz ee” . , 
Fig. 6 (case 1).—Low power view of the entire tumor, showing the type of 
growth, with complete occlusion of the bronchus. 


The growth had produced symptoms as long as the patient could 
remember. The symptoms of obstruction, however, were more recent 
and probably represented a recent sudden increase in growth character- 
istics. 
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Case 2.—B. B., a white woman aged 55, was admitted to the Barnes Hospital 
Oct. 18, 1937. About eight months before, she began to cough up blood, at first in 
small amounts, but on several occasions she had fairly profuse hemorrhages. Her 
local physician examined her bronchoscopically and made a diagnosis of tumor of the 
bronchus of the lower lobe of the right lung. She was given roentgen treatment 
on eight occasions and also had implantation of radon. She showed little improve- 
ment and continued to bleed. On her admission to the Barnes Hospital she was 
examined bronchoscopically by Dr. Arbuckle, who found a mass in the bronchus 
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Fig. 7 (case 1).—Section taken from the tumor near the region where a 
specimen was obtained for biopsy. Note the uniformity of the arrangement of 
the epithelium despite other malignant characteristics of the tumor. 


of the lower lobe of the right lung, which had the appearance of a benign tumor. 
Biopsy showed it to be a mixed tumor of the bronchus. Accordingly, October 23, 
through an anterior approach, the right lower lobe was removed (E. A. G.). There 
were no unusual difficulties, and the postoperative course was uneventful. 


Gross Pathologic Examination—The material consisted of the entire lower lobe 
of the right lung, amputated at the hilus. The surface was covered with rather 
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loose adhesions, and in one area posteriorly there had been a tear in the lung 
tissue. On palpation through the lung a large hard mass could be felt, which 
extended up almost to the cut edge of the bronchus. On opening the lobe through 
the main bronchus, the latter was found to be completely filled and dilated by a 
large solid pink-white mass, about 15 cm. in diameter, which was well delimited 
and homogeneous throughout. Spicules of bone could be felt along the surface of 
the tumor. In spite of the obvious bronchial obstruction, no bronchiectasis was 
seen, and only a slight amount of atelectasis (fig. 10). 





Fig. 8 (case 1).—Another phase of tumor growth. Note the complete absence 
of bronchial wall with the exception of the fibrous adventitia. Note also the 
similarity between this section and that of fetal lung (fig. 2). 


Microscopic Examination of Tumor.—Sections taken through the tumor showed 
large masses of epithelial cells surrounded by broad bands of connective tissue 
stroma and arranged in a fashion reminiscent of fetal lung. The epithelial ceils 
had small darkly staining nuclei, varying but slightly in size and shape, with a 
moderate amount of cytoplasm, and tended to be arranged in cords and alveoli. In 
the margins of the section there was evidence of invasion of the connective tissue 
capsule. In many areas one saw the fibrous stroma giving way to the formation 
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of bone and cartilage (fig. 11). In other areas the stroma was much more cellular, 
resembling the reticulum of a lymph node (fig. 12). 

Case 3.—L. S., a white woman aged 47, was admitted to the Barnes Hospital 
May 16, 1936. She complained of a persistent cough and one large hemoptysis. 








Fig. 9 (case 1).—High power view of the tumor, showing invasion of the 
fibrous capsule. Compare this phase of tumor growth with that seen in figure 7. 


The cough had been present for the past two years, with a little improvement 
shortly after it began. Six months before her admission she had what was 
diagnosed as pneumonia, and since that time her condition had not been satisfactory. 














Fig. 10 (case 2).—Massive tumor formation with surprisingly little bronchiecta- 
sis in spite of the apparent occlusion of the bronchus. 





Fig. 11 (case 2).—Bone and cartilage formation in the stroma of the tumor. 
Note the tendency of the epithelial cells to be arranged in cords. Such tumors 
have frequently been considered as metastatic hypernephroma. 


pe US aes 




















iheemnee eee 














184 ARCHIVES OF PATHOLOGY 


The cough had become much worse, and there had been one severe hemoptysis. 
She had been confined to bed for the past six months. There had been little loss 
of weight. 

Examination showed all of the important findings to be limited to the chest. 
There was a slight retraction of the mediastinum to the left side, with atelectasis 
and bronchiectasis. Injection of iodized poppyseed oil 40 per cent demonstrated 





Fig. 12 (case 2)—The dark staining cells represent epithelium, while the 
lighter cells are the endothelium of new blood vessels. Note the hyperchromatic 
epithelial nuclei with absence of mitotic figures. 


a block in the main bronchus of the lower lobe of the left lung. May 19, 
a bronchoscopic examination was made by Dr. Arbuckle, who noted a polypoid 
granulating and bleeding lesion attached to the main bronchus of the lower lobe of 
the left lung by a broad base, causing almost complete occlusion of the bronchus. 
A specimen was taken for biopsy, and the diagnosis of a mixed tumor was made. 
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May 25, following the institution of pneumothorax, a total pneumonectomy was 
done on the left side through an anterior approach (E. A. G.). Adhesions were 
not marked, and little difficulty was encountered during the operation. The post- 
operative course was uneventful, and the patient at the present time is apparently 
well. 

Gross Pathologic Examination—The material consisted of the entire left lung 
and a small tumor about 2 by 1 cm. in diameter, which was aspirated from the 
trachea during the operation by the anesthetist. On section it was homogeneous 
in consistency and friable. It had apparently become dislodged during the manipula- 
tion of the lung. The lung had a soft, almost normal-appearing upper lobe, which 
on section presented little evidence of infection. The lower lobe presented an area 
of tumor tissue in the wall of the main bronchus, probably representing the site of 
the piece aspirated as described. There was marked atelectasis, with a moderate 
amount of bronchiectasis present. The dilated bronchi contained both mucus and 
pus. There was no gross evidence of extension of the tumor beyond its bronchial 
location. Sections were studied from the bronchus at the site of the tumor, from 
the tumor and from various portions of the lung and associated lymphatics. 

Microscopic Examination of Tumor.—Sections through the tumor showed a 
characteristic type of lesion. The growth was lined by a rather thick layer of 
stratified squamous epithelium, beneath which was seen an edematous layer of 
fibrous tissue infiltrated with lymphocytes and containing many blood vessels. This 
fibrous layer varied in thickness and in some places was completely invaded by 
tumor cells of an epithelial type. This epithelium had an arrangement similar in 
many respects to that seen in fetal lung (fig. 13.4). The cells for the most part 
were polygonal, and presented ovoid, deeply staining nuclei, in which mitotic figures 
were difficult to identify. The cells tended to have an alveolar arrangement, and 
these alveoli were surrounded by a markedly vascular stroma (fig. 13B). No 
cartilage or bone was encountered in the several sections through the stroma. 
Sections taken through the bronchial wall adjacent to the region of the tumor 
showed evidence of vascular permeation (fig. 13 C), although in none of the lymph 
nodes examined was there evidence of extension. 

From the clinical course of this patient before operation and from 
the microscopic as well as the gross appearances of the tumor the 
impression gained is that the bronchial obstruction was of relatively 
recent occurrence, certainly not longer than two years. It undoubtedly 
had to do with the pneumonia that the patient contracted. Such a growth 
gives the appearance of invasiveness, and therefore it seems to us 
properly considered as an early malignant lesion. 

Case 4.—T. R., a 53 year old white man, was admitted to the Barnes Hospital 
Sept. 18, 1936. His chief complaint was that he had had a dry hacking cough for 
six weeks and shortness of breath and night sweats for ten days. He had been 
perfectly well until an attack of influenza six months ago. Following this he had 
a somewhat slow recovery; then the cough developed. He had lost 20 pounds 
(9 Kg.) within the past year. Examination showed atelectasis of the lower lobe 
of the left lung, with a shift of the heart to the left side. Otherwise examination 
gave negative results. On bronchoscopic examination, September 22, Dr. Arbuckle 
saw a polypoid mass in the bronchus of the lower lobe of the left lung, and a speci- 


men was taken for biopsy which consisted of most of the tumor. The diagnosis 
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was malignant mixed tumor. Accordingly, September 30, a total pneumonectomy 
was done (E. A. G.) through an anterior approach. The postoperative course was 
complicated. Fluid was repeatedly aspirated from the chest. Finally, October 
16, closed drainage was instituted ; October 21, a rib was removed for open drainage. 
A severe putrid infection of the wound developed, especially apparent in the sub- 
cutaneous tissues. The man finally died November 17. 





Fig. 13 (case 3).—A, characteristic picture showing the metaplastic bronchial 
epithelium, beneath which is seen a layer of fibrous tissue being penetrated by 
epithelium. The strong resemblance to fetal lung tissue is readily seen. Compare 
with figure 2. In B the marked vascularity of the stroma is apparent. Note the 
uniform structure of the epithelium. In C note the submucosal lymph vessels at 
the periphery of the tumor being permeated by tumor cells. 
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Gross Pathologic Examination.—The material consisted of the entire left lung, 
removed in one piece. The interlobar fissure was poorly developed, being apparent 
for only about one third of the way. Situated beneath the pleura of the upper 
medial side of the lower lobe was a lipoma, about 10 by 8 by 2 cm. While sharply 
demarcated from the lung parenchyma, the lipoma was clearly beneath the visceral 
pleura. The pleural covering was intact over the entire lung, with numerous thick 
fibrous adhesions at the base posteriorly and laterally. There was no gross evidence 
of tumor in the main bronchus. Just at the first bifurcation there was a small 
roughened hemorrhagic area, probably representing the site of the previous biopsy. 
Sections were taken through this region. The lung distal to this bronchus showed 
a moderate amount of bronchiectasis, associated with well developed long-standing 
atelectasis. There were numerous lymph nodes that did not present any gross 
evidence of tumor. 

Microscopic Examination of Tumor.—Examination of the tissue removed for 
biopsy showed the almost complete removal of the lesion (fig. 14A and B). It 
apparently was attached to the bronchus by a sessile base and was lined by a thin 
layer of stratified squamous epithelium, intact except in one portion where it had 
been torn during removal. In most places the epithelium had well invaded the 
submucosal layer of fibrous tissue. As is characteristic of lesions of this type, the 
mucosa was not ulcerated. The stroma was extremely vascular and was arranged 
around the tumor ceils in such a way as to suggest the structure of fetal lung. The 
cells were uniform in appearance and arrangement. Mitotic figures were difficult 
to demonstrate. 

Sections taken through the lung at the site from which the specimen had been 
taken for biopsy showed the tumor to have been completely removed locally at 
that time with the exception of one small area in which a small submucosal lymph 
vessel was found containing a cluster of tumor cells (fig. 154A, B and C). Further 
sections taken along the lymph channels extending into the hilus showed further 
evidence of this extension (fig. 15D). At autopsy malignant invasion of one of 
the glands of the mediastinum was found. Distal to the bronchial obstruction, it 
was of interest to note the appearance of small fragments of tumor tissue that 
had become dislodged by manipulation of the lung. Although the possibility of 
this type of implantation extension of carcinoma of the bronchus is denied by 
many authors, it must always be considered. 


This case presents one of the many dangers that must arise in the 
bronchoscopic treatment of a lesion of this type. At the time of the 
endoscopic examination and even after the lung had been removed, it 
seemed to the naked eye that all of the tumor had been destroyed when 
the biopsy specimen was taken. This obviously was not true. 


Case 5.—M. W., a white woman aged 48, entered the Barnes Hospital May 16, 
1937. She complained that she had had a cough, with sputum, and weakness and 
loss of appetite for a period of six months following what was thought to have 
been influenza. There had been no hemoptysis. Examination showed atelectasis 
of the bronchus of the lower lobe of the right lung with apparent pneumonitis. 
May 18, bronchoscopic examination showed a mass which resembled a cherry in the 
right main bronchus. Dr. Arbuckle made a biopsy and diagnosed a mixed tumor 
of the bronchus (fig. 16.4 and B). The patient received roentgen therapy, with 
no improvement in symptoms. Accordingly, July 3, she reentered the hospital. 
July 6, a total pneumonectomy was done on the right side (E. A. G.) with no 
apparent difficulty and through an anterior approach. The patient’s postoperative 
course has been satisfactory. 
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Fig. 14 (case 4).—A, tumor removed bronchoscopically almost in its entirety. 
The defect above is an artefact; B, higher power view of A, showing the charac- 
teristic structure of the tumor. 
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Fig. 15 (case 4).—A, site at which the specimen seen in 14.A was taken 





for biopsy seventy-two hours before. After removal of the lung no gross tumor 
was apparent. B, higher magnification of the region in A, showing a lymph ves- 
sel containing tumor cells; C, higher magnification of B, showing evident mitotic 
division in the tumor cells in the vessel; D, lymph vessels in the hilus of the 
lung draining the region shown in A. Note the presence of malignant cells in the 
lumens of the vessels. 
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Fig. 16 (case 5).—A, tissue removed at bronchoscopic examination. Note 
the metaplastic bronchial epithelium below which there is fibrous tissue being 
invaded by tumor cells. 8B, higher magnification of A, showing the marked 
vascularity suggesting an angioma. 
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Gross Pathologic Examination—The material consisted of the entire right lung. 
About 2 cm. from the origin of the bronchus of the right lower lobe there was an 
cvoid tumor, 4 cm. in its longest diameter, apparently arising in the wall of the 
bronchus and extending out into the lumen, causing almost complete occlusion. 
On section this mass could be seen extending through the entire bronchial wall 
(fig. 17). There were several nodules, suggesting a beginning penetration of 
its capsule. On the wall of the bronchus were several associated lymph nodes, some 
of which appeared grossly to be invaded. The node of the tracheal bifurcation, 
which was also present, showed no gross evidence of extension. The remainder 





’ 
Fig. 17 (case 5).—Section of lung showing a tumor arising in the main 
lower bronchus, with associated atelectasis and bronchiectasis distally. 


of the lower lobe showed bronchiectasis and atelectiasis with abscess formation, and 
a considerable amount of pus was present. 


Microscopic Examination of Tumor.—Sections taken through the tumor showed 
it to be composed of epithelial cells with vesicular nuclei, tending to arrange them- 
selves in alveoli (fig. 18 4), although this arrangement was not always dominant. 
The nuclei did not vary considerably in size and shape; the chromatic material 
was fairly consistently dispersed, and there were no evident mitotic figures. The 
cellular arrangement here was entirely different from that seen in the original 
biopsy (fig. 16.4 and B). Here there was not nearly as much supporting stroma 
as in the biopsy section, as the cells seemed to take on more rapid growth. 
Overlying this tissue one saw smooth muscle, next to which was a dense layer of 
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Fig. 18 (case 5).—A, section showing a phase of tumor growth different 
from that apparent in the specimen taken for biopsy. The tumor cells are growing 
in cords, resembling aveoli surrounded by an extremely vascular stroma. In B, 
the tumor may be seen penetrating the adventitia of the bronchus and permeating 
a peribronchial lymph node in the lower right corner. This type of extension 
is frequent in our experience. 
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fibrous tissue, which in turn was covered by the lining epithelium of the bronchus. 
This epithelium was hyperactive but nowhere malignant. The tumor had its origin 
from the wall of the bronchus rather than from the mucous membrane. It had 
not ulcerated through the mucosa. Extension was taking place through the entire 
wall, and nowhere did one see normal bronchial cartilage. Either this cartilage 
had been destroyed or it had failed to develop. ‘Areas of true bone formation were 
encountered in the tumor. At the periphery of the tumor the growth could be 
seen extending through the wall of the bronchus and involving a bronchial lymph 
node by direct extension (fig. 188). Examination of the regional lymph nodes 
away from the tumor showed no evidence of invasion. 


The picture here is one of a mixed tumor of a bronchus, in which 
epithelium is predominant but in which mesodermal structures are also 
present. Growth is taking place by direct permeation of the bronchial 
wall, and there is beginning invasion of contiguous structures. We feel, 
therefore, that this tumor is definitely malignant. It is interesting to 
note that, as is so often the case, the tissue removed at bronchoscopic 
examination differs markedly from that taken from a more active portion 
of the tumor. 


Case 6.—E. S., a man aged 25, entered the Barnes Hospital Nov. 15, 1933, 
complaining that he had had frequent severe hemorrhages during the past two 
years, following an attack of influenza which was associated with broncho- 
pneumonia. He began to have frequent coughs and hemoptyses. The diagnosis 
of collapse of the lower lobe of the left lung was made by his physician. The 
symptoms became worse. November 18, Dr. Arbuckle made a_ bronchoscopic 
examination and obtained tissue for biopsy. While Dr. Arbuckle noticed that 
the lesion was pedunculated, easily movable and located in the bronchus of the left 
lower lobe, the microscopic report was one of carcinoma. November 24, another 
bronchoscopic: examination was made, which showed no evidence of great change 
in the lesion. November 28, a left total pneumonectomy was done (E. A. G.) 
through a posterior incision with no apparent difficulty. The wound was closed 
tight, and the patient’s progress was satisfactory for the first forty-eight hours. 
He suddenly went into a respiratory collapse, but at autopsy no cause for death 
could be found. 

Gross Pathologic Examination.—The material consisted of a left lung, removed 
completely, with the associated regional lymph nodes. In the bronchus of the lower 
lobe of the left lung, just past the bifurcation of the main bronchus, there was 
a tumor, apparently encapsulated, which measured 1.5 by 0.5 cm. and was attached 
to the bronchial wall by a sessile base, with no apparent ulceration of the mucosa. 
There was almost complete obstruction of the bronchus, and the lung distally was 
atelectatic. The mediastinal lymph nodes showed no gross evidence of invasion, 
and there was no evidence of invasion of the lung. 


Microscopic Examination of Tumor.—The sections showed masses of epithelial 
cells tending to be arranged in alveolar formation, with small deeply staining nuclei 
and with abundant hyaline cytoplasm. No mitoses were seen, and there was a 
marked uniformity of the epithelial structures. The stroma was vascular, especially 
around the epithelial areas, where it was loose. At other times it could be seen 
extending in broad irregular bands (fig. 194), here and there showing areas of 
poorly developed fibrous cartilage and at other places normal adult bone (fig. 19 B). 
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Fig. 19 (case 6).—A, section through tumor showing epithelial cells in a 
dense stroma composed of fibroblasts, smooth muscle and in some areas what is 
apparently fibrocartilage. B, another phase of the tumor showing bone being laid 
down in the stroma in the region of a bronchial cartilage. 
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The latter phenomenon was especially observed in those areas in which the stroma 
came in contact with normal bronchial cartilage, suggesting the action of some 
organizer influence. In none of the lymph nodes were there any signs of extension. 


This apparently was a tumor containing an unusual amount of 
mesodermal tissue with evidence of beginning epithelial proliferation. 


Case 7.—C. B., a 44 year old white woman, was admitted to the Barnes 
Hospital Aug. 9, 1931, with a chief complaint of cough and hemoptysis, which 
began twenty years ago but had been much more severe during the past twelve 
months. This had been associated with only a slight loss of weight, but she had 
had frequent colds and attacks of what was diagnosed as influenza. Tuberculosis 
having been suspected, the patient spent several years in Colorado. In 1926 she 
had a curettage of the uterus; in 1927, a hysterectomy and bilateral salpingo- 
oophorectomy, and in May 1931, a subtotal thyroidectomy. Otherwise her past 
history had been uneventful. The diagnosis of a benign tumor of the posterior 
mediastinum was considered, and she was sent home with an explanation of what 
her condition was, with the recommendation of an operation if her symptoms 
continued. She was readmitted to the Barnes Hospital on Oct. 13, 1932. The cough 
had persisted, and in November 1931 fever developed, and the patient had been 
confined to her bed ever since. The diagnosis of infection of the lung was made, 
and from the description of the condition it undoubtedly was atelectasis with 
associated pneumonitis. On her second admission to Barnes Hospital an injection 
of iodized oil showed a block of the right main bronchus. October 15, she was 
examined bronchoscopically by Dr. Arbuckle, who found in the right main bronchus 
a pedunculated, movable, grayish, nonbleeding mass. The surface was unbroken 
mucous membrane with numerous shallow indentations. There was no evidence of 
bleeding and no break in continuity. The tumor apparently was pedunculated and 
seemed to have excursions up and down for a distance of at least 1 inch (2.5 cm.). 
The macroscopic appearance was that of a benign tumor; it cut easily with the 
biopsy forceps and after it was cut bled freely. The interior had the appearance 
of carcinoma. The bleeding was readily controlled with epinephrine and a dry 
gauze pack. <A diagnosis of chronic inflammation was made, based on the results 
of biopsy. Accordingly on October 18, another bronchoscopic examination was 
made by Dr. Arbuckle. He found that while mucus was being removed from 
about the tumor with suction and before anything else had been done there was 
moderate bleeding about the area of the previous removal of tissue. This subsided 
somewhat with application of epinephrine, cocaine and dry sponging but recurred 
profusely. It was impossible to keep the area dry, and the lumen of the broncho- 
scope and the mouth, nasopharynx and nose were soon filled with blood. It was 
necessary to place two long tampons in the right main bronchus. At the con- 
clusion of thirty minutes there was no more bleeding. The bronchoscope was 
withdrawn, and the cords attached to the tampons were fastened to the cheek with 
adhesive tape. Her condition was good. About 400 cc. of blood had been lost. 
Biopsy revealed chronic inflammation. The following day the tampons were 
removed bronchoscopically, and there was very little bleeding. The area of 


the removal of tissue for biopsy was covered by a clot about which there was a 
little oozing. Actual cautery and diathermy were applied to this area, and all 
bleeding was controlled. The patient was given high voltage roentgen therapy 
October 26, 27, 28 and 31 through two portals, one anterior and the other posterior, 
receiving a total dose of 1,200 roentgens through each portal. November 29, Dr. 
Arbuckle, making a third bronchoscopic examination, noticed little difference in 
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the picture except, perhaps, some shrinkage in the tumor and less tendency to 
bleed. During this time the atelectasis cleared up considerably, and the patient 
was discharged for further observation. She was readmitted to the hospital May 
23, 1933. She had noticed marked improvement in the cough, absence of hemoptysis 
and a gain in weight. About two weeks before, she was awakened suddenly one 
night with a hemorrhage of about 20 cc. of fresh blood. Her cough then became 
much more severe, and the hemoptysis continued off and on for two days. Since 
then, the sputum had been occasionally blood streaked. May 23, she was examined 
bronchoscopically again by Dr. Arbuckle, who noticed little change in the tumor: 
it was still movable, and there was an area of ulceration at the place from which 
the previous bleeding apparently had come. It was treated with diathermy again 
May 31. Since her improvement was neither marked nor lasting, a lobectomy was 
advised, and accordingly, June 3, a first stage procedure was done through a 
posterior approach (E. A. G.). The pleural cavity was opened, and the visceral 
and parietal pleurae were scarified in the region of the upper lobe. Convalescence 
was uneventful, and June 19, the second stage was done. There was a considerable 
amount of edema, and separation of the lobe was difficult. The blood pressure 
suddenly began to drop, the pulse became rapid and weak, and the patient died 
in spite of all efforts at resuscitation by the administration of blood, dextrose and 
acacia. Autopsy revealed nothing except a dilated heart. All laboratory work on 
this patient gave essentially normal results. 

Gross Pathologic Examination—The material received consisted of the lower 
lobe of the right lung, weighing 222 Gm. The lobe contained a tumor attached to 
the lower main bronchus, 6.5 by 4.5 cm. On cut section the lobe was atelectatic. 
The tumor was somewhat friable and contained areas of white homogeneous tissue, 
resembling fibrous tissue. In other areas spicules of bone were palpable but too 
small to be well visualized. The tumor was grossly encapsulated and appeared 
to originate from the wall of the bronchus without evidence of ulceration (fig. 20). 
There were no lymph nodes that appeared involved, although the pulmonary vein 
was impinged on in one area. 

Microscopic Examination of Tumor.—The cellular structure was variable. In 
many areas there were epithelial cells grouped in alveolar formation, with regular 
vesicular nuclei, in which mitotic division was difficult to demonstrate. These 
cells, most of them polygonal, rested on a basement membrane, which separated 
them from the surrounding stroma. The stroma was composed of dense vascular 
fibrous tissue that tended here and there to form bone (fig. 21). Other areas were 
seen resembling smooth muscle formation. In some regions vascularity was 
marked, and here the epithelium tended to take on a more spindle shape. An 
apparent attempt at the development of a bronchus was occasionally seen, and 
here and there undifferentiated areas appeared, resembling embryonic mesenchyme 
(fig. 22 A and B). 

Case 8.—H. C., a white man aged 19, entered the Barnes Hospital on Jan. 25, 
1937, with the complaint of cough and sputum, which had been present for twelve 
years. As long as he could remember he had had dyspnea on exertion. More 
recently his sputum had at times been blood streaked,.and a month and a half 
before his admission to the hospital there had been a severe hemorrhage. In 1934, 


during a routine physical examination, a diagnosis of pulmonary tuberculosis had 
been made, and after he had spent a year arid a half in a tuberculosis sanatorium 
he was told that a positive diagnosis of tuberculosis could not be made. 
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Physical examination at the time of his admission to the hospital showed a 
moderate amount of anemia and bilateral bronchiectasis of both lower lobes, the 
right being worse than the left. Injections of iodized oil demonstrated an occlusion 
of the bronchus of the right lower lobe. January 26, he was examined broncho- 
scopically by Dr. Arbuckle, who noted a mass resembling a cherry in the right 
main bronchus, attached to the anterior wall. It bled freely on manipulation. A 
specimen was taken for biopsy, and the diagnosis of mixed tumor of the bronchus 
was made. Several other bronchoscopic studies were made, and the proximal 
portion of the tumor was established as extending to within 4 cm. of the carina. 

Surgical intervention was delayed because of convulsive seizures, at first sug- 
gesting a metatastic lesion. Further study showed that these seizures were probably 





Fig. 20 (case 7).—Section through tumor showing areas of hemorrhage. Bone 
spicules which were felt are not apparent in the photograph. Associated with the 
neoplasm are bronchiectasis and abscess formation. 


psychic in origin, and after a preliminary pneumothorax a right pneumonectomy 
was done on April 24 (E. A. G.). The approach was made through an anterior 
incision, and although a moderate amount of adhesion was encountered, the lung 
was removed without a great deal of difficulty. Because of the development of 
emphysema, it was necessary to resuture the bronchial stump a few hours !ater. 
Convalescence was complicated by the development of effusion into the cavity 
and subsequent empyema, which necessitated drainage. He was discharged from 
the hospital October 17. He reentered in January 1938, at which time a thoraco- 
plasty was done in order to obliterate the residual cavity. There has been no 
evidence of extension or of recurrence of the tumor. 
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Gross Pathologic Examination.—The material consisted of the entire right lung. 
Extending almost to the hilus and completely occluding the main bronchus to 
the right lower lobe could be seen a large pinkish-white tumor, 4 by 5 cm. in 
diameter (fig. 23). It seemed encapsulated. The tumor was firm but not hard, and 
when the finger was passed over the cut surface numerous small spicules of bone 
could be felt. There was an extensive amount of bronchiectasis throughout the 
lower lobe, and in one area a large abscess was present. 
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Fig. 21 (case 7)—Tumor cells lined by a basement membrane resembling 
endothelium. There is one large area of bone formation at the left of the section. 





Microscopic Examination of Tumor.—Nowhere was there microscopic evidence 
of invasion of the lymph nodes. The epithelium, composed of polygonal cells with 
small dark nuclei, tended to be arranged in alveoli, so that there was a resemblance 
to the structure of atelectatic lung tissue (fig. 24.4). There was an unusual 
amount of stroma, consisting for the most part of blood vessels, fibroblasts, smooth 
muscle and occasional spicules of bone. The lack of epithelial overgrowth at the 


expense of the stroma is in keeping with the long clinical history of this patient. 
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Fig. 22 (case 7).—A, effort at the formation of bronchi. 


stroma is apparent. B, higher magnification of A. 
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That the tumor, however, should be considered malignant seems evident to us by 
reason of the permeation of vessels that was identified (fig. 24 B). 


Case 9.—L. G., a white man aged 53, entered the Barnes Hospital Sept. 20, 
1937, complaining of pain in the upper part of the chest, first on the left and then 
on the right side, which had remained constant for the past four months, and of 
dyspnea and palpitation, from which he had suffered for the past twenty years. 
He had been in bed on numerous occasions since the onset of the pain, four months 
ago. He was examined bronchoscopically September 21, by Dr. Arbuckle, and 
a cherry-like mass was seen in the main bronchus on the right side. Biopsy showed 
it to be a malignant mixed tumor. Biopsy September 25 showed the same thing. 
September 30, exploratory thoracostomy showed that the hilus of the right lung 
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Fig. 23 (case 8).—Section through a tumor occluding the main bronchus, with 
associated atelectasis and bronchiectasis. Gross invasion through the bronchial 
wall is apparent. 


was stony hard and that the tumor which was situated in the bronchus of the 
right upper lobe had invaded the mediastinum and surrounding tissues. A specimen 
was taken for biopsy, and roentgen therapy was given to the open wound. The 
patient’s postoperative course was not unusual until October 4, when he suddenly 
died. Permission for an autopsy was not received. 

Microscopic Examination of Tumor—The tissue removed at bronchoscopic 
examination showed the bronchial epithelium to be intact (fig. 25). Directly 
beneath it there was a dense fibrous tissue stroma in which none of the normal 
bronchial elements were present. The fibrous tissue was invaded by nests of 
epithelial cells with an alveolar arrangement. The nuclei were extremely pyknotic, 
and there was a moderate amount of vacuolated cytoplasm. There was more 
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Fig. 24 (case 8).—A, section through the tumor seen in figure 23. Note the 
alveolar arrangement with the scarcity of stroma. JB, another section through the 
tumor showing invasion of one large and several small veins. 
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Fig. 25 (case 9).—Bronchoscopic biopsy specimen showing invasive character 
of the tumor cells, without involvement of the mucosa. This tumor was found 


to have invaded the mediastinum at operation. 
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variation in the size and shape of the nuclei than is generally seen, and the nuclear 
material stained so darkly that mitoses could not be seen. The stroma contained a 
considerable number of blood vessels. The tissue removed at operation showed 


essentially the same picture. 


In this case we were undoubtedly dealing with a mixed type of tumor 
that had invaded the mediastinum. Not only is the microscopic picture 
one of poorer differentiation of the epithelial cells, but the clinical history 
of dyspnea for twenty years and the more recent evidence of mediastinal 
invasion are suggestive of a long-standing intrabronchial lesion. 


Case 10.—M. R., a white woman aged 65, was admitted to the Barnes Hospital 
May 21, 1937, with a chief complaint of cough, which had been present all her 
life but which had become more spasmodic in the past few months. When she 
was a child, her cough was often confused with whooping cough. It had become 
more productive and had been associated with a loss of 10 pounds (4.5 Kg.) in 
weight within the past four months. Physical examination gave negative results 
with the exception of atelectasis of the middle lobe of the right lung, which was 
demonstrated by physical signs and by an injection of iodized oil showing blockage 
of the bronchus of this lobe. The patient also presented tic douloureux and 
moderate hypertension. She was seen in consultation with Dr. Arbuckle. On 
May 22, bronchoscopic examination showed a small red mass in the right middle 
bronchus, 2 mm. from its opening. The mass bled on manipulation, and a por- 
tion was removed for biopsy. The patient was discharged from the hospital. She 
was readmitted June 11, with no change in symptoms. June 12, bronchoscopic 
examination revealed no change. Another biopsy was done, and the patient was 
given roentgen therapy, 1,500 roentgens through three portals. She was discharged 
from the hospital and readmitted August 13. Her cough was less, there was still 
a slight amount of dyspnea, and the atelectasis was beginning to clear up. Broncho- 
scopic examination revealed no evidence of the lesion except a small area of redness. 
Biopsy showed granulation tissue. 

Microscopic Examination of Tumor.—The biopsy showed the mucous membrane 
to be intact most of the way. The submucosa contained an increase in the amount 
of fibrous tissue, and here and there one saw nests of epithelial cells, containing 
small darkly staining nuclei and a moderate amount of cytoplasm, with the cells 
arranged in alveolar formation suggesting an effort at the formation of embryonic 
bronchi (fig. 26). No metastases were seen, and only a small amount of this 
type of epithelium could be identified. There was a moderate amount of hyper- 
trophy of the mucous glands in the bronchus. The picture impressed one as that 
of a small area in which embryonic epithelial tissue had become hyperplastic in 


the submucosa of the bronchus, resembling the so-called mixed tumor of the 


bronchus that generally becomes large. 

Case 11.—G. H., a white man aged 50, was admitted to Barnes Hospital with 
the complaint of a dry cough that had been present for many years. There had 
been no hemoptysis. Four months before his admission into the hospital there 
had been an attack of what had been diagnosed as bronchopneumonia, and from 
this the patient had never completely recovered. There had been attacks of fever; 
cough had been productive and fairly constant, and physical signs of atelectasis of 
the lower lobe of the right lung were present. On his admission to the hospital 
he presented marked emaciation, clubbed fingers, dyspnea and slight cyanosis. 
Examination showed a block of the bronchus of the lower lobe of the right lung, 
with a shift of the mediastinum to this side and with evidence of abscess formation 
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Fig. 26 (case 10).—Unusually well differentiated cellular formation with 
abundant stroma. The course of this patient suggested a benign lesion. 
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in that lobe. September 6, 1934, bronchoscopic examination by Dr. Arbuckle revealed 
a spherical mass blocking the right main bronchus. It bled on touch and shrank 
on the application of cocaine. A portion of it was obtained for biopsy. The 
diagnosis of carcinoma was made. The patient was given a pneumothorax and, 
September 15, a total pneumonectomy on the right side was done (E. A. G.). 
Adhesions were extreme, and the operation was done with great difficulty. Follow- 
ing the operation, the patient never regained consciousness but showed localizing 
neurologic signs suggestive of brain embolism with localized areas of softening, 
a finding verified at autopsy. 

Gross Pathologic Examination—The material consisted of the right lung, 
removed completely, with a portion of the associated regional lymph nodes. The 
specimen weighed 910 Gm. The pleura was everywhere roughened as a result of 
adhesions. The upper lobe was resistant and did not collapse. On section, a large 
tumor 9 by 5 cm. occupied the upper lobe, having its origin from the wall of the 
main bronchus and extending almost to the periphery of the lung (fig. 27). It 
seemed to be well encapsulated everywhere except in one place where there appeared 
to be extension toward the extreme apex of the lung. In no place did it actually 
reach the periphery. The tumor completely blocked the main bronchus, and there 





Fig. 27 (case 11).—Malignant tumor involving the entire upper lobe with 
compression of the lower main bronchus and subsequent bronchiectasis. The tumor 
has replaced almost the entire upper lobe and invaded the mediastinum. 


was an additional piece of tumor, 4 cm. in diameter, that broke loose from the 
main tumor mass and was recovered from the bronchus at operation. The tumor 
was extremely cellular and pinkish white. From the gross appearance there was 
little evidence of much fibrous supporting stroma. The bronchus in which the 
tumor had its origin was completely invaded, and the picture grossly was that of 
a slowly growing malignant lesion. There was little bronchiectasis seen in the 
upper lobe owing to almost complete replacement of the lobe by tumor tissue. 
There was a considerable amount of bronchiectasis and atelectasis in the lower lobe 


that could be seen to be due to transmitted pressure from the tumor in the upper 
lobe. 

Microscopic Examination of Tumor.—The picture at biopsy was peculiar in the 
fact that it was the picture of a more malignant type of lesion. The epithelium 
was arranged in alveoli that suggested mucous glands, although the formation of 
mucus was not prominent. Intercellular substance was sparse and vascularity 
moderate. There seemed to be an overgrowth of the epithelium at the expense 
of the stroma. The cells were unusually large. The nuclei were clear and 
vesicular, with an enormous amount of cytoplasm. Both degenerating cells and 
mitoses could be demonstrated in occasional areas. 
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Sections taken through the tumor showed essentially the same picture with the 
exception that there was a much poorer differentiation of the epithelium with more 
frequent giant cell formation. In one area there was a characteristic arrangement 
of the epithelium, such as is seen in the more benign type of lesion resembling 
fetal lung. 


The picture seen here is one of undoubted carcinoma. From the 
history of a cough of many years’ duration and from the gross and 
microscopic picture we feel that this cancer had its inception in a mixed 
tumor. It is this malignant type of growth that takes place which 
probably explains the infrequent finding of the small localized lesion 
at autopsy and the frequent finding of massive cancer. 


SUMMARY 


A group of tumors found in the lungs is described. These tumors 
resemble fetal pulmonary tissue. [vidence is presented indicating that 
they result from the failure of embryonic bronchial buds to develop 
into normal structures. Fundamentally, therefore, they are formed from 
entoderm and mesoderm. Although only 11 of many such cases of ours 
are described in detail, we believe that these tumors are common. 
Moreover, they should be regarded as potentially malignant, although 
undoubtedly many are benign when first recognized. Invasion of neigh- 
boring structures and metastasis by both lymph and blood streams are 
frequent in those examples in which epithelial elements predominate. 
Secause of a failure to recognize their common origin such tumors 
have been frequently described by others under the names of bronchial 
adenoma, oat cell carcinoma, alveolar carcinoma, adenocarcinoma, etc. 
When the mesodermic elements have predominated, the tumors have 
been diagnosed as endothelioma, chondroma, fibrosarcoma and so on. 
Recognizing their similarity of behavior and in some respects their 
similarity of origin to the mixed tumors of the parotid gland, we sug- 
gest as a more comprehensive term for the whole group that of mixed 
tumor of the lung. In the advanced cases seen at the autopsy table the 
fundamental nature of the tumors here described is more difficult to 


recognize. 
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DIVERTICULITIS OF THE COLON 


A PRELIMINARY REPORT OF A STUDY OF ITS POTENTIAL ROLE 
AS A FOCUS OF INFECTION IN SYSTEMIC DISEASE 


GEORGE H. COLEMAN, M.D. 
AND 
JOSEPH A. CAPPS, M.D. 


CHICAGO 


Diverticulosis of the colon is quite prevalent, and, according to 
Rankin,'! Wilkinson,? Kocour* and others, occurs in 5 per cent or more 
of patients presenting a large number of intestinal symptoms. It is 
present in slightly less than 1 per cent of all persons. Although the 
condition has been known to anatomists and pathologists for about one 
hundred years, it was recognized first by roentgenologists less than 
twenty-five years ago. As diverticulosis is symptomless, the clinical 
diagnosis can be made only by means of the roentgen ray. Erdmann * 
says, “It is a well established condition, at least roentgenologically if 
not symptomatically, and requires but the onset of a pathological process 
of one or more of the protrusions to become a definite clinical entity.” 
W. J. Mayo ® estimates that about 12 per cent of patients having diver- 
ticula come to have diverticulitis. 

Although there is an extensive literature on the subject of diverticu- 
losis and diverticulitis, it is surprising how little mention is made of 
the possibility that this local process in the colon may be responsible 
for systemic infection. 


MATERIAL AND METHODS 


Between 1933 and 1937 we have had the opportunity to observe 30 patients 
with diverticulosis. All were of the white race; 60 per cent were males; all 
but 3 were in the fifth, sixth and seventh decades of life. A number of these 
persons were the subjects of irregular periodic attacks of diverticulitis; in 11, 
rheumatoid arthritis was present as a major complication. In the latter group, 
a thorough search for foci of infection was instituted. Excepting 2 patients 
(one in whom there was associated chronic prostatitis and another in whom there 
was chronic cholecystitis), no source of infection was discovered other than diver- 


1. Rankin, F., and Brown, P.: Surg., Gynec. & Obst. 50:836, 1930. 
2. Wilkinson, S. A.: New England J. Med. 209:197, 1933. 

3. Kocour, E. J.: Am. J. Surg. 37:433, 1937. 

4. Erdmann, J. F.: J. A. M. A. 99:1125, 1932. 

5. Mayo, W. J.: J. A. M. A. 69:781, 1917. 
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ticulitis of the colon. . . . In the attempt to unearth hidden sources of infection, 
routine examinations and roentgenographic studies were made of the teeth, nose, 
throat and nasal accessory sinuses. A complete survey including the use of trans- 
illumination and the roentgen ray was also made of the appendix, gallbladder, 
prostate gland and female pelvic organs. 

Diverticula were demonstrated by means of roentgenograms of the gastro- 
intestinal tract, made with the use of the barium sulfate meal followed by a 
barium sulfate enema on the third day. 

Cultures of the stool were made at intervals in the bacteriologic laboratory of 
St. Luke’s Hospital and examined for Streptococcus haemolyticus. A standard 
uniform technic, with the use of blood mediums, was employed throughout. Counts 
of the colonies in positive cultures were considered to afford a rough index of the 
activity and grade of the focus or foci of diverticulitis present. They were useful 
also as an index of the results of treatment of the diverticulitis. These colony 
counts varied from 1 or 2 to as many as 150, but from 10 to 15 colonies were 
the initial average incidence. 


INCIDENCE OF STREPTOCOCCUS HAEMOLYTICUS 

In only 2 of the 11 cases of frank diverticulitis associated with 
arthritis of the infectious type was it impossible to grow Str. haemolyti- 
cus from the stools, making the incidence of growth better than &2 
per cent. Of over 1,600 routine stool cultures made during 1934, 1935 
and 1936 for diagnostic purposes in cases in which diverticulosis or 
diverticulitis was not an evident factor, less than 180 were positive 
for Str. haemolyticus. 

This incidence of 11 per cent positive cultures of Str. haemolyticus 
in a large indeterminate group of “suspects” is probably much higher 
than would be found in a similar number of apparently normal healthy 
persons. This group, however, serves as a control group for comparison 
with the special group of patients with diverticulitis and infectious 
arthritis. 

In interpreting the significance of Str. haemolyticus in the stools, it 
is important to rule out any passage of organisms from the respiratory 
tract into the intestinal canal. Therefore, when positive cultures of 
Str. haemolyticus were obtained in the stools, cultures were taken from 
the throat as well. In the cases in which positive stool cultures were 
associated with diverticulitis, the throat cultures were negative. 

Of unusual interest was the course of a patient who had multiple 
diverticula with a history of repeated attacks of diverticulitis and of 
hepatitis of approximately eight years’ standing, with progressive cir- 
rhotic disease of the liver and splenomegaly. Cultures were positive 
for Str. haemolyticus on several occasions. There is a suspicion in this 
case that the hemolytic organisms may have been carried from the site 
of the diverticulitis via the portal system to the liver. Necropsy revealed 


advanced cirrhosis of the liver. 


In two patients herpes zoster was a complication. 
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TREATMENT 


Treatment consisted of the administration of liquid petrolatum by 
mouth and nightly use of cottonseed oil enemas, usually for many 
months—even years. <A bland low residue diet was prescribed as a 
routine. Bacilli of lactic acid type frequently were given orally in 
culture or in the form of cultured buttermilk or acidophilous milk. 
During such treatment the stool cultures often became negative for 
the hemolytic streptococcus ; a few showed merely a sharp reduction in 
the colony count. This cultural result paralleled the improvement noted 
in the general condition of the patient and in the subsidence or disap- 
pearance of the symptoms due to the rheumatoid arthritis. 

We are of the opinion that any beneficial effect obtained was due to 
the drainage of the infected diverticula. The value of the ingestion of 
lactic acid bacilli is undetermined. 


SUMMARY 
This is a preliminary report of progress in the study of diverticulitis 
of the colon and its potential role as a focus of infection in the produc- 
tion of systemic disease, notably infectious arthritis. 








SYMMETRIC HEMORRHAGIC NECROSIS OF THE CERE- 
BRUM FOLLOWING PRIMARY THROMBOSIS OF THE 
SUPERIOR LONGITUDINAL SINUS 


EDWIN F. HIRSCH, M.D. 


CHICAGO 


Thrombosis of a dural sinus* occurs usually as a complication of 
an infection spreading from an accessory cranial sinus or from the 
soft tissues of the head. Less frequently, an extending or metastatic 
infection cannot be demonstrated, and the thrombosis is considered to 
be primary. Dehydration and the debility of a wasting illness, in infancy 
or later life, are considered to favor primary thrombosis. From this 
opinion developed the term “marantic thrombosis.”” Such an antecedent 
disorder is not present invariably, for thrombosis of a dural sinus may 
occur in a person with apparently good health. The effects of throm- 
bosis of a dural sinus are due to the lesions in the brain caused by the 
coincident thrombosis of the tributary cerebral veins. Several factors 
influence the sequence of these lesions in the brain,’ namely: the age 
of the patient; the duration, site and completeness of the occlusion; an 
associated disease such as tuberculous meningitis, and the extent of 
spread of the thrombosis into the cerebral veins. Bacterial infection 
is not a variable with bland thrombosis. According to Ehlers and Cour- 
ville, the initial lesion in the brain is hyperemia. Edema, hemorrhage 
and softening of the brain tissues follow rapidly. This softening with 
hemorrhage, or “hemorrhagic necrosis,” is the characteristic lesion 
ascribed to occlusion of the cerebral veins. 

The distribution of the lesions in the brain is determined by the 
portion of the venous system involved. Obstructions in the external 
system of the brain affect the cortex and medullary tissues ; those of the 
internal system (Galen) involve the basal ganglions and deeper struc- 
tures of the cerebrum and the superior surface of the cerebellum. The 
clinical symptoms associated with this range of possible locations are 
multiple and confusing. Often the disorder is demonstrated by the 
postmortem examination. 

The development of the entire process, the autochthonous throm- 
bosis of the cerebral veins and the associated hemorrhagic necrosis of 
the brain, has been traced in two ways: According to Vorpahl,? small 


From the Henry Baird Favill Laboratory of St. Luke’s Hospital. 

1. (a) Nielsen, J. N., and Courville, C. B.: Ann. Otol., Rhin. & Laryng. 
46:13, 1937. (b) Ehlers, H., and Courville, C. B.: J. Pediat. 8:600, 1936. 

2. Vorpahl, F.: Beitr. z. path. Anat. u. z. allg. Path. 55:322, 1913 
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hemorrhages of the brain and pia are the initial lesions. Because of 
these, thrombosis of the pial veins develops, which spreads into the 
dural sinus. Thorel* and Hanser * supported this view. Grueter * 
stated that generally thrombosis of a dural sinus is considered to be 
primary and the lesions of the brain a stasis hemorrhage. This conclu- 
sion follows from the observation that the hemorrhages are more recent 
than the thrombus of the dural sinus. Grueter, however, believed that 
either process may take place, and that a careful study is necessary to 
determine which one occurred in any given instance. 

The general principles of thrombus formation apply to autochtho- 
nous thrombosis of the dural sinus. The superior longitudinal sinus, 
according to Vorpahl, is more susceptible to thrombosis, because small 
cords and septums often extend across the channel and pacchionian 
corpuscles reach far into the lumen, impeding the circulation and caus- 
ing eddies in the circulating blood. Other conditions peculiar to venous 
drainage of the dural sinuses, such as sluggish circulation and angula- 
tions, are believed to favor the thrombosis. A precipitating or predis- 
posing factor for primary thrombosis of the dural sinus seems present 
in puerperal women. Mondré ° commented on 12 cases on which reports 
had been published. The patients had died within a short time after 
the onset of symptoms. Zangemeister ° considered a possible relation 
with eclampsia but was not satisfied that this had been demonstrated. 


REPORT OF A _ CASE 


A white woman aged 54 years entered the service of Dr. H. E. Mock at St. 
Luke’s Hospital Nov. 30, 1937. She was in coma and had been comatose four 
days. November 24, she had fallen on the street but had sustained no injuries 
of the head or back. She was able to get up at once and walk. She had a 
severe headache that night, worked all the next day and was without symptoms 
until the evening of November 26. Then she had severe pain in the head and 
spine and became unconscious. She never regained consciousness. There was 
no paralysis or incontinence. Although in a stupor, she ate readily and walked 
with assistance during the four days preceding admission. Her clinical history 
contained nothing important, and there were no nervous or mental changes. 
Excepting the coma, the physical examination disclosed only absence of the 
abdominal reflexes and bilateral choked disks. Examination of the blood and 
urine revealed no changes. The spinal fluid pressure was 100 mm. of water; the 
Pandy and the Queckenstedt test gave positive reactions. Dr. G. W. Hall made 
a clinical diagnosis of hemorrhagic encephalitis. Death occurred six days after 
her admission to the hospital, ten days after the onset of coma and twelve days 
after the onset of headache. 

Pathologic Examination.—There were no recent injuries of the superficial 
and deep tissues of the scalp. The spinal fluid was slightly turbid and contained 
a few gray floccules. The brain, which was symmetric, weighed 1,200 Gm. The 


3. Cited by Grueter.4 

4. Grueter, H. A.: Virchows Arch. f. path. Anat. 247:411, 1923. 
5. Mondré, O.: Zentralbl. f. Gynak. 52:3199, 1928. 

6. Zangemeister, W.: Zentralbl. f. Gynak. 49:225, 1925. 
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leptomeninges over the vertex on both sides of the midline were markedly hyper- 
emic, and over the frontal lobes, from near the tip to the postcentral sulcus, were 
subpial hemorrhages confined mainly to extensions of the sulcal grooves. These 
ranged in width from 4 to 17 mm. The convolutions of the brain were flattened 
and the sulci narrowed. <A softened region was palpated in each frontal lobe 
over the vertex and near the midline. There were no hemorrhages at the base 
of the brain, but the meninges were hyperemic. The vessels at the base of the 
brain had slight fatty changes and senile sclerosis. There were no anomalies of 
the circle of Willis. The lining of the lateral and sigmoid sinuses of the dura 
was smooth. The gasserian ganglions, the pituitary gland, both internal ears and 
the frontal, ethmoid and sphenoid cranial tissues were unchanged. The spinal 
cord was removed through the usual dorsal incision. Grossly there were no 
noteworthy changes. 

The upper lobe of the right lung was roughened by fibrous adhesions; other- 
wise, the pleura was smooth, glistening and mottled with carbon. The lining 
of the main divisions of the right bronchus was hyperemic. The branches of the 
pulmonary artery had a few fatty changes. On surfaces made by cutting, there 
were small regions of consolidated tissues. The left lung resembled the right. 
The anterior margins were bullous. The lower lobe had dark red regions of 
atelectasis. After inflation and hardening with 10 per cent solution of formal- 
dehyde, the left lung was cut in five frontal planes. The consolidated tissues 
were especially in the posterior portions of the lower lobe. In this lobe laterally, 
near the diaphragmatic surface, was an encapsulated pocket, 1.5 cm. in diameter, 
filled with necrotic material and having a thin fibrous wall. Several small 
molded thrombi were in divisions of the pulmonary artery extending into the 
atelectatic tissues. The lining of both the internal and the external jugular 
veins was smooth. The cervical lymph nodes were not enlarged. There were no 
noteworthy changes of the tissues of the neck or of the nasopharynx. The heart, 
liver, spleen, kidneys, pancreas and other important viscera had no noteworthy 
changes. 

The brain and attached upper half of the dura were fixed in 10 per cent 
solution of formaldehyde. The lining of the superior longitudinal sinus of the 
dura was smooth except a portion 10 cm. behind the anterior pole of the cerebrum. 
On the right side was a dark brown blood clot, 1.2 by 0.3 by 0.3 cm., and 1 cm. 
behind the first was another, 2.1 by 0.8 by 0.4 cm. The lining of the sinus here 
was stained brown but was not definitely rough. The visceral surface of the 
dura was glistening. The cerebrum was symmetrical, measuring 17 by 14 by 
9.5 cm. Subpial hemorrhages filled the sulci of the parietal, temporal and frontal 
lobes, being most extensive near the midline at the vertex. A region of hemor- 
rhagic softening in the right cerebral hemisphere (fig. 1) began 3.5 cm. behind 
the anterior tip of the brain and extended posteriorly 7 cm. It was 5 cm. wide, 
and the medial edge was 1.5 cm. from the midline. A similar region in the left 
hemisphere (fig. 1) began 4.5 cm. behind the anterior edge of the frontal lobe, 
extended posteriorly 5.5 cm. and was 3.5 cm. wide. The medial margin was 2 cm. 
from the midline. Several tortuous cerebral veins filled with blood extended from 
these regions to the superior longitudinal sinus in the portion with the mural 
thrombi. The structures at the base of the brain had no noteworthy changes. 

The cerebrum was cut into seventeen coronal segments not exceeding 1 cm. 
in thickness. The hyperemia of the subpial blood vessels of the right cerebral 
hemisphere extended into the sulci. At a level 5 cm. behind the tip of the 
frontal lobe, the base of a sulcus was 4 cm. wide and the width at the surface 
was 1 mm. The white substance around this for from 3 to 3.5 cm. was stained 
yellow-brown. On the left side in the same frontal plane, symmetric in position, 
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was a hemorrhagic region of softening 8 by 9 mm., also with a peripheral zone 
of white substance stained brown. The region of hemorrhagic necrosis in the 
right cerebral hemisphere extended posteriorly 4.7 cm., and its greatest vertical 
and transverse diameters were 3.1 by 2.2 cm. The lesion in the left cerebral 
hemisphere was 4.7 cm. long and 3.1 by 2 cm, in the other maximal diameters. 
Where the transverse and vertical diameters were maximal, the lesions were con- 
tinuous with blood in the superior frontal sulci. The regions of hemorrhagic 
necrosis were remarkably symmetrical in size, outline and position, almost mirror- 
like images of each other. They approached to within 1.5 to 2 cm. of the longi- 
tudinal cerebral fissure and within 1 cm. of the corpus callosum. The gray margin 
of the cortex could be traced along the edge of some portions of the hemor- 
rhagic lesions but disappeared into the hemorrhagic necrotic tissues. Other por- 













RM 

Fig. 1—Photograph of a surface of the cerebrum cut frontally in a plane 
through the anterior commissure and illustrating the symmetric regions of hemor- 
rhagic necrosis. This view is from behind. 


tions of the brain had no noteworthy changes except those from pressure and 
edema. Stained preparations and cultures of the spinal fluid revealed no bacteria. 
Cultures of blood from the heart also were sterile. 

The hemorrhagic portions of the brain were necrotic tissues with extravasations 
of red blood cells. About the margin of the hemorrhagic lesions were necrotic 
brain tissues continuous into edematous brain substance. Many large phagocytes 
were in portions of these transition zones. The tissue changes and reactions were 
those of an infarction. There were extensive recent and older hemorrhages in 
the pia-arachnoid. The cerebral veins were dilated with blood cells, and thin 
layers of dense fibrin were deposited along the lining of the walls. There was a 
slight monocyte reaction in the pial tissues. The tissues of the cerebral cortex 
near the hemorrhages and occluded veins were atrophied. 
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Histologic preparations of the segment of the superior longitudinal sinus drain- 
ing the cerebral veins contained large cellular and hyaline pacchionian corpuscles. 
The cellular corpuscles contained masses of cells in mosaics (fig. 2) and in 





Fig. 2.—A, photomicrograph of a pacchionian corpuscle of the dural sinus 
with hyperplasia of the cells to form meningioma-like tissues, and another cor- 
puscle (right) with hyaline degeneration. 2B, photomicrograph of hemorrhagic 
pacchionian corpuscles of the dural sinus. Note the phagocytes with blood pig- 
ment in the one on the left side of the illustration; « 198. 


concentric aggregates similar to tissues of a so-called meningioma. Some of the 
large hyaline corpuscles were necrotic and hemorrhagic (fig. 2). A few of these 


had reactive connective tissue proliferations and mononuclear phagocytes with 
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granular brown pigment. These tissue reactions were considered to be of longer 
duration than the hemorrhagic lesions of the brain and meninges. Branches of 
the pulmonary artery in the consolidated portions of the lung contained obturating 
thrombi (impacted emboli), and the regional lung tissues were partially collapsed 
and to some extent necrotic, and the alveoli contained exudates of leukocytes, 
fibrin, mononuclear cells and erythrocytes. The lumens of the regional bronchi 
had many erythrocytes, desquamated lining cells and a few leukocytes. There 
were no noteworthy changes in the routine histologic preparations of other visceral 
tissues. 
SUMMARY 

Hemorrhagic necrosis of the brain is regarded generally as a char- 
acteristic lesion of thrombosis of the cerebral veins. Doyle,’ Vorpahl 
and others have described multiple lesions in both cerebral hemispheres 
with extensive thrombosis of the supericr longitudinal sinus. These 
lesions were not symmetric, as were those described in this report. 
The symmetry of the hemorrhagic lesions in both hemispheres of the 
cerebrum is ascribed to the localized thrombosis of the superior longi- 
tudinal sinus with extensions into symmetric cerebral veins on both 
sides of the midline. The recent and older infarcts of the lungs were 
the result of the lodgment of blood clot emboli carried into the branches 
of the pulmonary artery. Changes of the pacchionian corpuscles seem 
to be the cause for the localized thrombosis of the dural sinus. These 
changes were hyperplasia of cells, the tissues resembling those of a 
meningioma, and hyaline degeneration with necrosis and hemorrhage. 
There was no evidence of bacterial infection. 


7. Doyle, J. B.: Arch. Neurol. & Psychiat. 18:374, 1927. 
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BACILLARY DYSENTERY IN CHILDREN 


A STUDY OF THREE HUNDRED AND FIFTY-SIX CASES FROM THE 
CHILDREN’S DIVISION IN THE COOK COUNTY 
HOSPITAL, CHICAGO 


MAURICE L. BLATT, M.D. 
AND 
NOEL G. SHAW, M.D. 


CHICAGO 


Bacillary dysentery remains an endemic disease in the Chicago area 
in spite of advances in sanitation and infant care. We believe that this 
problem is of sufficient importance to deserve renewed consideration. 
For instance, in 1937 there were 130 children with dysentery (59 of 
them infants under 1 year of age) among the patients of the children’s 
division of the Cook County Hospital. 

This work is based on a personal study of 356 cases of infectious 
diarrhea in children at the Cook County Hospital during the years 
1930-1932, inclusive. The data for subsequent years differ little except 
as to the numbers of cases. When this study was started in 1930, opinion 
among pediatricians was divided as to the role of dysentery bacilli in the 
acute diarrheas.'. Our interest in the problem was aroused when in 
June 1930 a family of 5 children entered the hospital with severe 
diarrhea.2, The onset in each child was sudden, accompanied by head- 
ache (in the older children), extreme weakness, abdominal cramps and 
diarrhea, the stools containing mucus and blood. Four of these chil- 

The work was aided by grants from the Christian Fenger Memorial Fund. 

From the Children’s Division of the Cook County Hospital and the Depart- 
ment of Pediatrics of the University of Illinois College of Medicine; and 
from the Department of Pediatrics of the University of Chicago, Rush Medical 
College and the John McCormick Institute for Infectious Diseases. 

1. Grulee summed up the current opinion when he wrote in 1924: 
of dysentery in children we speak . . . of the clinical picture rather than 
the etiological factors involved. It is a grave question in the minds of most 
pediatricians as to whether dysentery . . . as it pertains to older children 
in this country is really in the majority of cases a true infection but may not 
be a combination of factors . . . other than bacterial or protozoal 


or at least a bacterial cause which is not necessarily specific.” (Grulee, C. G., 
in Abt, I. A.: Pediatrics, Philadelphia, W. B. Saunders Company, 1924, vol. 3, 
p. 372.) 

2. Blatt, M. L., and Shaw, N. G.: Am. J. Dis. Child. 43:1283, 1932; 45: 
680, 1933. 
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dren died; only the oldest, a boy of 8 years, survived. Cultures of stools 
made in the routine manner were negative for micro-organisms of the 
typhoid-dysentery group. Cultures were made repeatedly by one of us 
(N. G. S.), and a Flexner dysentery bacillus was isolated from the 
stool of the surviving child and from the ileum and colon of each of 
two of the other children at necropsy. Numerous children with a 
similar syndrome were admitted to the hospital during the following 
months. 
TYPE OF CASES 

During 1930, 1931 and 1932, 356 children with diarrhea similar to 
that observed in the aforementioned first 5 cases came under our 
observation. In most instances the history and clinical picture were 
quite uniform. The cases of so-called parenteral diarrhea, associated 
with pneumonia, pyelitis, infections of the upper part of the respiratory 
tract and mastoiditis, were easily differentiated and are not included. 
Exception is made here of the few cases in which the parenteral disease 
was coincidental with the dysentery, the latter being proved to be 


Children Showing Different Sizes of Cysts of 
E. Histolytica 


——$______—— —— 





Large Variety Large 
a and 
Children Specimens Children Percentage Precysts Small Small 
Examined Examined with Cysts Positive and Cysts Cysts Oysts Cysts 
514 874 26 5.05 1 3 20 2 


present by cultures of the stools. Infections with Bacillus typhosus, 
diagnosed culturally and serologically, were excluded from the study. 
Bacillus paratyphosus produces a syndrome sometimes quite similar to 
that of dysentery, and the few cases in which Bacillus paratyphosus 
was cultured from stools are included. None of the histories was such 
as to lead us to suspect food poisoning due to Staphylococcus. None 
of the cultures of stools showed any appreciable number of colonies of 
Staphylococcus. Most of the stools were examined for amebas, but 
none was found.* Small epidemics due to Staphylococcus, Bacillus 
pyocyaneus and Streptococcus have occurred in our wards and in 
other institutions under our observation. The onset and course of such 
diseases are quite distinct from those of dysentery. 








3. Verification of this observation was afforded by the late Dr. Bertha Kaplan 
(research associate, department of medicine, Douglas Smith Foundation, Uni- 
versity of Chicago; protozoologist, United States Public Health Service) and 
Dr. Florence Buky. They conducted an independent study of protozoans in diar- 
rheal stools from patients throughout the children’s division of the Cook County 
Hospital during the spring and summer of 1934. In a personal communication to 
us Dr. Kaplan reported that there had been no cases of amebic dysentery but that 
twenty-six children were listed as carriers of the cysts of Endamoeba histolytica. 

Dr. Kaplan died March 26, 1938. 
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INCIDENCE 
The cases of intestinal infection included in our series numbered 


130 in 1930, 109 in 1931 and 117 in 1932, a total of 356 (tables 1 to 4). 


TABLE 1.—IJncidence by Years and by Age Groups 








Age, Yr. 1930 Cases 1981 Cases 1932 Cases Total for Age Group 
Under 2 41 (32%) 46 (42%) 28 (24%) 115 infants, or 32% of 356 cases 
2through 5 60 (46%) 37 (34%) 53 (45%) 150 children 2-5 yr., or 42% of 356 cases 
6 through 13 29 (22%) 26 (24%) 36 (31%) 91 children 6-13 yr., or 26% of 356 cases 
Total for year 130 109 117 356 cases in 3 years 








TABLE 2.—1930 Cases: Distribution of Cases Among White Persons, Negroes 
and Mexicans According to Age with Mortality for Each Group and Period 








Males Females 
A. —_ — a A —— 
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* The asterisks denote deaths. 


There were 216 white, 125 Negro and 15 Mexican children. In this 
group, 55 per cent were males. Thirty-two per cent of the cases 


occurred in infants under 2 years; 42 per cent in the group between 
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2 and 6 years and 26 per cent in children between 7 and 13 years of 
age, inclusive. There was a definite seasonal incidence reaching its 
peak in August. Although a few of the patients were admitted during 
the winter and spring, most of them were admitted in the months from 


June through November. Several days of continuous hot weather 


Taste 3.—1931 Cases: Distribution of Cases Among White Persons, Negroes 
and Mexicans According to Age, with Mortality for Each Group and Period 
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* The asterisks denote deaths. 


resulted in an influx of new cases. There was a lag of a day or two 
between the period of high temperature and the peak of hospital 
incidence. 

The patients at the Cook County Hospital come from the poorer 
districts of metropolitan Chicago and Cook County. The patients with 
diarrhea came chiefly from certain portions of these districts, year 


after year. 
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EXCITING CAUSE 
The direct etiologic agent is a dysentery bacillus. The infection is 
usually spread by means of food and drink contaminated by hands or 
flies. Few of the parents ascribed the onset of the disease to a definite 
source. Some, however, mentioned fruits, vegetables, meats, milk, ice 
cream or trips to the beach, camps or other towns. 


TaBLe 4.—1932 Cases: Distribution of Cases Among White Persons, Negroes and 
Mexicans According to Age, with Mortality for Each Group and Period 
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* The asterisks denote deaths. 


EPIDEMIOLOGIC CHARACTER 

Compared with the preceding few years, the period between June 
1930 and November 1932 showed an increased number of patients with 
acute diarrhea admitted to the children’s division of the Cook County 
Hospital. In 1929 there were approximately 45 infants and children 
whose case histories were the counterpart of those included in our 
series. Their condition was variously diagnosed under thirteen different 
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headings (gastroenteritis, food poisoning, and so on). This fact is 
mentioned because from the epidemiologic standpoint the cases in 1930 
were somewhat of a surprise. Apparently there occurred a sudden out- 
break of “summer diarrhea” resembling in severity that common prior 
to 1916.* 

The infectious character of the disease is emphasized by the fact 
that 50 family groups of 2 or more children each entered the hospital. 
In 23 additional cases there was a history of other members of the 
family ill at home with a “summer complaint,” and in 17 instances 
parents stated that they knew of other cases in the neighborhood. More- 
over, by means of our spot map, patients with this disease unknown to 
each other often were found to be neighbors. 


CLINICAL PICTURE 


Onset.—The clinical impression gained through management of 
these patients was rechecked by a detailed analysis of the 356 charts. 
The onset uniformly was sudden. In only 9 of the children was the 
onset gradual. It began with nausea and vomiting or with headache, 
followed by abdominal pains or frequent discharge of loose stools, 
which after a few hours contained mucus and blood. Coincident with 
or shortly after the onset, the child appeared ill, with moderate fever, 
and was languid or irritable. Often those whose illness was more 
severe had convulsions within a few hours after the first symptoms. 

Diarrhea was an almost universal complaint in the histories, although 
sometimes the informant placed more emphasis on fever, convulsions 
or vomiting. Two patients seen in 1931 and 3 in 1932 had a doubtful 
history but had typical loose stools in the hospital. Two other patients 
in the 1932 series were convalescent on admission and had normal 
stools thereafter. The parents reported blood in the stools in 43 per 
cent of the cases, mucus in 38 per cent and pus in 2.5 per cent (some 
of these cases overlapping). 

Fever was the most common complaint, being mentioned by the 
parents in 50 per cent of the cases. Four and five tenths per cent of the 
children had had one or more chills before entrance to the hospital. 
Vomiting was another frequent complaint, observed in 45 per cent; 
abdominal pain occurred in 41 per cent, headache in 14 per cent and 





4. In the summer months of the years from 1904 through 1917, the Elizabeth 
McCormick Memorial Fund provided tents in the poorer districts of Chicago 
where mothers might bring sick babies during the day for proper nursing and 
feeding. The babies were taken home at night. From June 28 to Sept. 11, 1915, 
this organization received 831 infants with acute diarrhea, 38 of whom. died. 
However, the mortality in such cases in the city as a whole was 175 for July 
and 485 for August 1915. In the corresponding months for 1914 the deaths 
totaled 460 and 523, respectively (Eleventh Annual Report of the Elizabeth 
McCormick Memorial Fund Baby Tents, Chicago, 1915). 
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convulsions in 12 per cent. Stupor, drowsiness and listlessness were 
frequently mentioned. Loss of weight (9 per cent) and epistaxis (2 per 
cent) were occasional complaints. 

Physical Findings.—On entrance to the hospital, 42 per cent of the 
patients were acutely ill. Some who were only moderately ill became 
toxic later. Six of the latter died. Sensorial changes varied from 
irritability and restlessness to drowsiness, weakness, shock, coma and 
convulsions. Nineteen per cent appeared dehydrated on entrance to the 
hospital. 

The breath sounds over the chest were normal in these patients except 
in those who were moribund, in whom emphysema or edema of the lungs 
was present. The pulse was rapid, and the quality of the heart sounds 
varied with the general condition. 

The abdomen was rarely distended; occasionally, it was scaphoid. 
The spleen and liver seldom were enlarged. The spleen was palpated 
in only 4 children in 1930, 3 in 1931 and 6 in 1932. The colon often 
was spastic and painful to palpation. In 5 cases of proved dysentery 
we found erythematous macular lesions on the abdomen, closely 
resembling the rose spots of typhoid fever. These rose spots faded in 
about forty-eight hours. Occasionally such lesions were seen on the 
forehead, knees or chest. 

The reflexes were normal except in the presence of meningismus, 
when they were often increased, or in the presence of shock or coma, 
when they were absent. Stiffness of the neck was noticed in 6 children 
in 1930, 7 in 1931 and 13 in 1932. Kernig and Brudzinski signs were 
present in 5 children in 1930, in 4 in 1931 and in 6 in 1932. Tenesmus 
was a frequent symptom. 

The fever usually was moderate. The rectal temperature on entrance 
to the hospital averaged 100.9 F., the pulse rate varied from 110 to 170, 
and the respirations were from 22 to 60 per minute. 

Course ——Most of the children in the group studied were acutely 
ill during part of their hospitalization. The axillary temperature in the 
first twenty-four hours usually was from 100 to 102 F. (average, 
101.3 F.). With rest in bed, fluids and supportive measures, 43 per cent 
of the children had normal temperatures within twenty-four hours or 
less. The average period of fever was two and two-tenths days. After 
the initial fever subsided there rarely occurred a recrudescence. A few 
patients had a septic temperature for from one to three weeks. The 
terminal temperature in 60 fatalities was either subnormal or high, from 
105 to 109 F. The pulse and respiratory rates approached normal as 
the fever, dehydration and toxemia were relieved. 

The children had frequent stools, defecation occurring every ten to 
thirty minutes, and often an almost constant tenesmus during the first 
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forty-eight hours. The stools were copious at first, then small in 
amount. They were liquid and green or yellow-brown, with decreasing 
amounts of fecal material and increasing amounts of mucus. They were 
frequently blood streaked or mixed with dark red to tarry clots. They 
had a foul, musty or spermatic odor. Occasionally late in the disease 
(between the seventh and the twenty-first day) the stool was mostly 
pus. Coincident with improvement in the general condition and the 
intake of solid food, the stools became from semiformed to solid, but 
the blood and mucus and sometimes increasing amounts of pus per- 
sisted until the sixth to ninth days. A few children remained in the 
hospital three weeks or longer because of mucus in the stools. Dysentery 
organisms were isolated occasionally from the mucus even in this late 
stage. The patients were considered infectious until the stool was free 
from blood, mucus and pus. The average period in the hospital for 
those who recovered was eleven days, which, combined with the average 
of fours days’ illness at home, made the average total period of illness 
about two weeks. However, 28 per cent of the children presented 
milder disease and were in the hospital less than one week. 

The loss of fluid in these patients with dysentery quickly dehydrated 
them. The eyes became sunken and the tongue dry and coated. There 
was an acetone breath in the severely ill ones. The fontanel was sunken 
in the younger infant. The children were thirsty, but many of them 
could not retain fluids administered by mouth. 

Most of our patients were languid or toxic for from three to six 
days. They appeared weak and were only moderately active in bed. 
After about six or seven days, the average patient showed marked im- 
provement and from then on became quite hungry, ate well and gained 
strength rapidly. 

Complications —Complications were few. Toxic myocarditis was 
perhaps the most common, as evidenced by the soft pulse in many 
patients. Parenchymatous degeneration of the myocardium was fre- 
quently observed at necropsy. Fifteen per cent of the children had 
albumin or white blood cells in moderate amounts in the urine. Five 
children (from 18 months to 10 years old) had prolapse of the rectum. 
In 3 others (in 1932) infection developed at the site of repeated hypo- 
dermoclyses. Early or focal bronchopneumonia was present in 7 children 
at neceropsy, due in at least 2 of them to aspiration of vomitus. 


Sequelae——No deleterious after-effects were noticed from convul- 
sions or other cerebral symptoms. A recurrence of loose stools with 
mucus occurred in 4 of the children seen in 1930, 3 in 1931 and 5 in 
1932. (Some of them had previously been confined at home or in 
another hospital from three to eight weeks with the same illness.) A 


relapse occurred in 3 of our patients, and they were readmitted from 
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one to three weeks after their dismissal from the hospital. One of the 
patients seen in 1930 returned in 1931; another in 1932. Two other 
patients seen in 1932 had had a similar infection at home in 1931. 


LABORATORY FINDINGS 


Blood Count.—The children whose stool cultures were positive for 
dysentery bacilli in 1930 and 1931 showed a wide variation in their 
leukocyte counts. To confirm this observation, in 1932 F. Rawson, 
S. Moinichen and G. Von Ash made leukocyte and differential counts on 
the patients every second day. The wide variation in these counts, both 
those of the individual patient and those of the group as a whole, indi- 
cates that there is no typical blood picture. Nevertheless, a few sig- 
nificant findings evolve from a detailed study of the blood counts. In 
our cases there was usually a leukocyte count of from 8,000 to 20,000, 
averaging about 13,000 (table 5). However, frequently, when the 
patient was definitely toxic on admission, there was leukopenia. The 
extremely toxic child usually had a white blood cell count of from 2,500 
to 6,500. Leukopenia occurred in some fatal cases of only twelve to 
twenty-four hours’ duration (table 5, case 2). On the other hand, it 
was not uncommon to find a child becoming toxic late (between the 
seventh and the twenty-first day), with a temporary drop in the leuko- 
cyte count, which sometimes assumed the proportions of leukopenia 
(table 5, case 3). With the lessening of the toxic symptoms, there 
occurred within a day or so a rise in the white cell count. At the same 
time many young granular leukocytes, from myeloblasts to transitional 
myelocytes and polymorphonuclear cells, appeared in the blood stream. 
The cytoplasm of these cells often contained basophilic granules, which 
were larger than the granules of normal myelocytes and smaller than 
those found in basophils. Before there was much of a rise in the 
number of polymorphonuclear cells, the immature granulocytes totaled 
from 10 to 35 per cent of the white blood cells. 

The lymphocytes were normal in appearance. The hemoglobin con- 
tent and red cell count varied within the usual limits for children in 
these age groups. The red blood cells of a moderate number of children 
showed anisocytosis, poikilocytosis and polychromatophilia. Immature 
red blood cells were commonly found during convalescence. 

Only a few children were definitely anemic. One 6 year old colored 
boy had 2,030,000 red blood cells on entrance to the hospital. Two 
weeks later the count was 1,720,000. He was given 20 cc. of whole 
blood intramuscularly twice and 100 cc. intravenously twice. Clots of 
blood were passed by rectum for six weeks, while mucus continued in 
the stools until the eighth week. The blood count and stools were 
normal when the child was dismissed at the end of the ninth week of 


illness. 
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Urine—There were pathologic findings in the urine of 62 of the 
356 children during the febrile period; pus cells (usually 1 plus) in 47 
instances; albumin (usually from a trace to 1 plus) in 30; casts in 6 


TABLE 5.—Representative Cases 








Blood Cell 
Counts 
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Stools 

vom - A 7 — 
No, 
per 
Day Character Comment 


Day of Illness 
Hemoglobin 
White Cells 
Polymorph 
nuclears 
Eosinophils 
Basophils 
Lymphocytes 
Monocytes 
Metamyelocytes 


Content 
Red Cells 


1. A child of 10 years on diet 3 who entered hospital Oct. 7, 1932, and was discharged Oct. 27, 
1932. Complaint: abdominal pain, diarrhea (20 stools per day), fever and loss of appe- 
tite for two days, and vomiting and headache for one day. 


2% 42 7.3 80 She 6 .. 11 Green, liquid, mucoid, Listless, flushed, 
bloody toxie 
. Bw wv Bae . sa 3 .. U1 Involuntary Taking fluid 
— Bee ae Gar ms Br... 10 Brown, liquid, mucoid 
§ 6 « BA &@ 1 14 aoe. 4 Green, with mucus Beginning to take 
food 
-. oe | ere ee ry 10 eee 2 Brown, liquid, mucoid Has toxie granu- 
lation of poly- 
morphonuclears 
oS 2s... 2 @ 24 7 2 Liquid, brown, with In good condition 
no mucus 
i eee oe reer 1 3 Liquid, brown Mentally normal 
cous oo mas .@ a ar 2 3 Yellow, liquid 
m . GF Re. Ge css sa2, 5 2 Soft, yellow Hungry 
my. Bis 8.4 61 2 ow 8 1 Soft, yellow 


2. A child of 7 years, a Negro girl, on diet 1 who was sick a part of one day at home, 
entered hospital July 17, 1932, and died July 17, 1932 (twenty-four hours after onset). 
Complaint: sudden onset, severe diarrhea, prostration, convulsion during past twelve 


hours. 
. Ae ae Be -s. sak ee 7 .. Bitoody, mucoid Died within 24 hr. 
large, after onset 
52 small 


38. A Negro boy of 13 years on dict 2 who entered hospital Aug. 10, 19382, and was discharged 
Aug. 18, 1982. Complaint: abdominal cramps, loose stools with mucus and fever for 
two days. 


> »- 42-213 @ 4 > -& 2# ‘3 

6 12.8 57 6 2 29 a és 6 Bloody, mucoid Had slight toxie 
granulation of 
polymorpho- 
nuclears 

9 80 3.5 5.6¢ 39 . «s. i 1 Soft, yellow 


4. A white boy of 7 months on diet 1 who entered hospital Sept. 1, 1982, and was discharged 
Sept. 5, 19382. Complaint: sick eight hours at home, with diarrhea (4 loose stools at home). 


2 % 602 125 2% . . «x. Se 4 Bloody, mucoid Moderately ill 
2S. 3) 2S. area: a fie 2 Soft, yellow 


* This patient had early leukopenia, with marked depression of the granular leukocytes and 
lymphocytosis. The nuclei of all the polymorphonuclears were clumped; there were immature 
forms with basophilic ‘“‘toxic granulation.” 

# This includes transitionals. 

+ There was late leukopenia, with a depression of granular leukocytes. 

t The patient had slight lymphocytosis. 





and red blood cells in 5. The urinary findings in most of these cases 
were normal before the children were dismissed. Acetone was present 
in the urine of a few dehydrated patients. 











226 ARCHIVES OF PATHOLOGY 


Spinal Fuid.—lIt was necessary to differentiate anterior poliomyelitis, 
meningitis and encephalitis from dysentery in 29 children in this series, 
‘The spinal fluids of these 29 patients showed slightly increased pressure 
(1 plus), a uniformly negative Pandy reaction and an average of 14 
cells. The spinal fluid sugar was moderately lowered, with an average 
reading in 10 cases of 83 mg. per hundred cubic centimeters. There 
were 4 cases in which the spinal fluid pressure was increased to 3 or 4 
plus. There were 4 cases in which the cell counts were above 20, the 
highest being 90 cells per cubic millimeter. 


PROGNOSIS 

The mortality for 1930-1932 averaged 17 per cent (tables 2, 3 
and 4). The mortality reported by various other observers was from 
20 to 50 per cent. The prognosis is good except for those children who 
are toxic, dehydrated and unable to retain fluids. The outcome depends 
on how early and effectively these conditions can be overcome by abso- 
lute rest in bed, administration of fluids and supportive measures. Of 
the 61 children who died, 29 were moribund on entrance to the hos- 
pital and died within from one to twenty-four hours. The other 32 
children averaged five days in the hospital before death, compared with 
an average of eleven days’ hospitalization for those who recovered. 
The prognosis was less influenced by age than by the severity of the 
illness. The mortality in the infant group was approximately the same 
as that in the preschool group in this study. 


TREATMENT 

All children with diarrhea, no matter how mild, were given special 
care on entrance to the hospital. This included measures to combat 
shock, dehydration or toxemia. Immediate hypodermoclyses of 5 per 
cent dextrose, lactate-Ringer solution (as devised by Dr. Hartmann) 
or physiologic solution of sodium chloride, external application of heat 
and giving of supportive drugs appeared to be life-saving measures for 
about 10 per cent of the children. Fluids were given subcutaneously 
daily until the child was able to retain sufficient liquids by mouth. We 
believe that if the early prostration and toxemia are successfully com- 
bated, the treatment thereafter is chiefly empirical. 

The medical treatment included as a routine administration of cam- 
phorated tincture of opium U.S. P. and bismuth subcarbonate or 


bismuth subgallate, except in any series on a diet. In order to put 
the patient at rest, it was often necessary to give codeine, tincture 
of belladonna U.S.P. or increased doses of camphorated opium U.S.P. 
to control the abdominal cramps. 
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Twenty-three children received whole blood, 6 intravenously, 2 
(infants ) intraperitoneally and 15 intramuscularly. Transfusions were 
especially helpful for the children with the more severe conditions. 
Single intramuscular injections of from 10 to 20 cc. of whole blood 
usually lessened the amount of blood in the stools. 


DIET 

A diet high in protein was given to the children with dysentery dur- 
ing the first two years of this work. During acute illness the patient 
received skimmed lactic acid milk or buttermilk. When the patient 
improved, cereal, custard and soft egg were added until an average soft 
diet was reached. 

Apple Diet—At the suggestion of Dr. A. Levinson, 35 children 
from 6 to 14 months of age were placed on a modified Moro apple diet. 
The children who took the 100 to 400 Gm. of raw scraped apple three 
to five times a day began to have an “apple stool” within from six to 
twelve hours. Such a stool was readily recognized as darkened apple 
pulp, mingled with some mucus, pus and blood. It was free from the 
typically offensive odor of dysentery stools. For about two thirds of the 
35 children thus treated the number of stools decreased. A single day 
of the apple diet was insufficient. Better results were obtained when 
only scraped apple was given for from three to four days and then a 
soft diet gradually substituted. 

The advantage of the apple diet over other types of food appears 
to be that there is a tendency to produce semiformed stools rather than 
frequent liquid evacuations and a carbohydrate fermentation stool (from 
a food almost entirely carbohydrate) rather than a putrefactive stool. 
It is our opinion that raw apple feedings are not entirely satisfactory 
in the treatment of acute diarrheas. Such material is a natural 
mechanical irritant to ulcerative lesions in the intestines. Many children 
refuse part or all of an apple feeding but take other food more readily. 
Furthermore, the apple diet frequently is not curative, as indicated by 
the persistence of mucus and occasionally pus and blood in the “apple 
stool.” Diarrheal stools sometimes recurred when the apple diet was 
stopped. The number of days necessary for the appearance of normal 
stools was approximately the same with the apple diet as with other 
types of food. 

During the third year of our study of the problem, the patients were 
divided into groups to determine the effect of three different types of 
diet: high protein, high carbohydrate and intermediate, the latter with 
a small amount of carbohydrate. The children were assigned to one of 
the three groups in the chronologic order of admittance. We did not 
feel that an initial period of starvation was desirable if the children could 
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tolerate food. On admission many of the children either refused every- 
thing given by mouth or vomited the liquids taken. Every child was 
offered fluids at least every hour and feedings every two or three hours. 
The diet was increased as the child became hungry and had less than 
five stools daily, with decreasing amounts of mucus. This degree of 
improvement usually occurred between the fourth and sixth day. When 
convalescence was definitely established, about the eighth day, the group- 
ing was discontinued and the child was given a soft diet. The three 
diets were as follows: 

1. High protein: protein milk for infants and buttermilk for children; tea 
without sugar; such additions to the diet as cottage cheese, ground beef, jello 
and egg (to children over 1 year of age), also dextrimaltose,5 1 per cent in tea. 

2. Intermediate: boiled skimmed milk with 1 per cent dextrimaltose; tea 
without sugar; additions as in diet 3. 

3. High carbohydrate: evaporated or boiled skimmed milk; weak tea with 
5 per cent dextrimaltose. (The amount of dextrimaltose given in tea is gradually 
decreased between feedings as dextrimaltose is added to the milk up to 5 per cent) ; 
additions such as carbohydrate as cereal, potato, puréed banana, toast, crackers 
and fruit juices. 

The type of diet seemed to-make very little difference in the rate 
of recovery. Twelve children whose grouping is not recorded averaged 
eleven days in the hospital; 19 on diet 1 stayed eight days, 20 on diet 
2 eight days and 25 on diet 3 ten days. 

The dextrimaltose contained lysozyme, but the patients on diet 2, 
receiving a small amount of this carbohydrate, and those on diet 3, 
receiving 5 per cent of it, did not improve any quicker than those on 
diet 1, initially without the lysozyme. The quantity of lysozyme ingested 
was small, and no conclusions are offered as to its effects on pathogenic 
bacteria in the intestines. 

DIAGNOSIS 

The diagnosis of bacillary dysentery is made by the history of the 
onset, the type of stools and the course of the disease and confirmed by 
the finding of dysentery bacilli in the stools. A positive agglutination 
of stock strains of dysentery organisms by the patient’s blood serum 
may occur after from six to ten days of illness.° This should suggest 
a diagnosis of bacillary dysentery, provided there is no history of 
diarrhea occurring in the preceding six months (which might account 


for the positive agglutination). 


5. The preparation used is marketed as Dextri-Maltose L-23 and contains 
lysozyme. 

6. (a) Havens, L. C.: The Bacteriology of Typhoid, Salmonella, and Dysen- 
tery Infections and Carrier States, New York, The Commonwealth Fund, 1935, 


p. 147. (b) Smith, J., and Fraser, A.: J. Hyg. 30:216, 1930. 
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DIFFERENTIAL DIAGNOSIS 


1. Appendicitis frequently must be considered. The abdominal pains 
in dysentery may be vague and generalized and the diarrhea not a 
prominent symptom in older children. The failure of the pain to localize 
over McBurney’s point after from six to twenty-four hours of con- 
servative management and the appearance of mucus in the stools direct 
attention to dysentery. 2. Typhoid fever is especially difficult to rule 
out because of its atypical character in children. The temperature in 
typhoid is usually septic, an observation that is rare in dysentery. The 
Widal reaction and the cultures of the blood and stools are the best 
differential points. 3. Diarrhea due to dietary indiscretion or an 
improper formula occasionally in infants may be prolonged into severe 
conditions, such as the intoxication described by Finkelstein. The his- 
tory and course of the disturbance in the first twenty-four hours should 
be helpful. 4. Anterior poliomyelitis and meningitis must be ruled out 
when meningismus or cerebral symptoms are present in the children 
with dysentery. 5. Diarrhea secondary to infection of the upper part 
of the respiratory tract, especially in infants, starts gradually and is 
not as severe as true dysentery. 6. Amebic dysentery has a more 
gradual onset, and the diagnosis is made by finding the amebas or the 
stained cysts in the fresh stool or in cultures on proper mediums. 
7. Diarrhea due to catharsis is differentiated by the history and course. 
8. Pyelitis may be accompanied by diarrhea, but the onset is not sud- 
den. The septic temperature and the urine loaded with pus are special 
features. 9. Intussusception is accompanied by a small amount of 
bloody mucus without the diarrheal type of stools seen in dysentery. A 
mass may or may not be palpated in the abdomen with intussusception. 
10. Gastrointestinal upsets due to staphylococcic food poisoning may 
closely resemble bacillary dysentery in a sudden onset with severe 
nausea and vomiting, profuse diarrhea with blood and mucus, and early 
prostration. Staphylococcic food poisoning’ is not seasonal. Suspicion 
is usually directed to bakery fillings for cakes or cream puffs or to food 
contaminated with Staphylococcus, which can be cultured in great num- 
bers from the food in question. 


PATHOLOGIC OBSERVATIONS 


The description of the pathologic changes was written with the aid 
and under the direction of Dr. R. Jaffé, late director of the laboratories 
of the Cook County Hospital.6 We are indebted to him for the data here 


recorded. 


7. Dack, G. M.; Cary, W. E.; Woolpert, O., and Wiggers, H.: J. Prev. 
Med. 4:167, 1930. Jordan, E. O.: Food Poisoning and Food-Borne Infection, 
ed. 2, Chicago, University of Chicago Press, 1931. 

8. Dr. Jaffé died Dec. 17, 1937. 
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Macroscopic Changes.—The lesions are chiefly in the colon, with 
lesser changes in the lower third of the ileum. Within twenty-four hours 
after the onset of the disease, the entire mucosa of these parts is 
edematous, diffusely injected and dotted with small areas of hemorrhage. 
The mucosa is covered with a fibrinopurulent exudate, which may in 
some regions assume the appearance of a necrotic membrane. The 
exudate can be washed or wiped off, especially from the folds or ridges, 
and leaves a raw surface. The solitary lymph follicles are prominent. 
In the cases of acute illness there may be no ulcers or only pinpoint-sized 
ones. With prolonged duration of the condition, the ulcerations become 
more marked and involve the swollen follicles as well as the intervening 
mucosa. The ulcers are either solitary or fused, leading to irregular 
defects of the mucosa and deeper portions of the wall. The edges of the 
ulcers are indented, more or less swollen and occasionally undermined 
with “back perforations” into the intestinal lumen. Deep ulceration may 
lead to perforation, a complication which, however, is rare in this form 
of intestinal inflammation. In the chronic stages the intestinal wall is 
thickened because of hypertrophy of the muscularis and fibrosis of the 
submucosa. 

Microscopic Changes.—The’ histologic changes in the ileum are 
usually catarrhal, and suppuration and ulceration are relatively rare. 
The villi are edematous and of increased cellularity, with a predominance 
of small and large round cells. Leukocytes are rare. The glands are 
lined by increased numbers of goblet cells, which produce an excessive 
amount of mucus, filling the lumens of the glands. Near the mouths of 
the glands the mucus is mixed with the cellular débris of degenerating 
epithelial cells. The follicles are large with germinal centers formed by 
the swollen and proliferated histiocytes. In more severe conditions the 
mucosa of the ileum may contain many plasma cells and polymorpho- 
nuclear leukocytes. Occasionally necrosis involves the inner third of 
the mucosa. 

In the colon we found edematous loosening of the tunica propria 
and desquamation of the surface epithelium. The surface deprived of 
its epithelium is covered by a thick layer of cells, including many poly- 
morphonuclear leukocytes, and fibrin. The glands are dilated and are 
filled with mucus and pus cells. The lining often is composed only of 
goblet cells. The tunica propria of the mucosa is more or less infiltrated 
with leukocytes and free histiocytes. The histiocytes can be traced to 
the swollen and proliferated reticular cells, which often contain dark 
brown pigment. The follicles are large, with swollen reticular cells and 
pus cells. The submucosa is often thickened and infiltrated by plasma 
cells and large histiocytes. With the onset of the ulcerative changes, 
the superficial layer of the infiltrated and loosened mucosa sloughs off, 
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while the deeper portions of the mucosa become transformed into 
cellular granulation tissue with many polymorphonuclear leukocytes. 

In diarrhea secondary to infection of the upper part of the respiratory 
tract or to bronchopneumonia the histologic changes in the ileum and 
colon are of lesser degree, even when the process is of long duration. 
The changes are catarrhal, rarely ulcerative. The glands usually are well 
preserved, and their lining contains only a moderate number of goblet 
cells. The stroma of the mucosa is of loose reticular type, with numerous 
plasma and small round cells. There are a moderate number of histio- 
cytes and a few oxyphilic leukocytes. The follicles are of moderate 
size, with proliferating germinal centers. The submucosa consists of 
loose reticular tissue. 

The brain on gross examination is slightly swollen and edematous. 
The leptomeninges are thin and moderately injected. The histologic 
picture is dominated by degenerative changes of the ganglion cells, 
consisting of tigrolysis, swelling of the dendrites and axons and obscur- 
ing of the nuclei. There is an increase of the satellite cells about the 
degenerating ganglion cells. Perivascular infiltration and nodular pro- 
liferations of the glia cells are not found, and the changes in the brain 
are, therefore, those of “encephalopathy” and not those of encephalitis. 

Of the other pathologic anatomic changes, we mention marked 
hyperplasia of the mesenteric and mesocolic lymph nodes. The 
mesocolic lymph nodes often reach the size of a pea or of a small cherry 
and are deeply injected. 

The liver and kidneys are swollen. The liver cells contain an 
increased amount of fat. The spleen shows congestion of the pulp with 
hyperplasia of the reticular cells. The malpighian bodies are prominent. 


BACTERIOLOGIC OBSERVATIONS 


Technic of Culturing Stools—The use of sterilized diapers or bedpans to 
collect stools lessens the chance of contamination by Bacillus proteus, which by 
its rapid overgrowth of the culture plate renders isolation of the dysentery bacilli 
most difficult. It is not necessary to use specimens obtained directly from the 
rectum or colon by means of a tube or proctoscope. The latter procedure, even 
when carefully done, disturbs the patient at a time when quiet and rest are prime 
considerations. A saline enema is probably less disturbing to the child and may 
be used if necessary. 

The dysentery organisms can be isolated best from the mucus. A portion of 
mucus is obtained from the stool by means of a sterile applicator and placed in a 
jar of sterile saline solution. This sample may be left at room temperature 
or in the refrigerator. If the sample when received at the laboratory is several 
hours old or if the saline solution is cloudy from the portions of stool present, 
the mucus is washed in sterile saline solution. It is then transferred to a test 
tube with from 5 to 10 cc. of sterile physiologic solution of sodium chloride 
and kept until investigation of the case is completed. While it is desirable to 
plate out the mucus immediately, the stock specimens may be kept in the ice box 
for many days. We have made satisfactory platings and recovered the dysentery 
bacilli from some of the mucus specimens as long as a year later. 
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We preferred the streak method of inoculating the plates to the poured 
plate method. A piece of mucus varying in size from that of a pinhead to 
that of a matchhead was streaked over from two to four plates of 2 per cent 
lactose-litmus-agar medium. Readings of the plates were made after from 
eight to twelve hours’ incubation at 37 C. or after from eighteen to twenty-four 
hours at room temperature during the summer months (from 85 to 100 F.). On 
this medium the typhoid-dysentery colonies varied in size from that of a pinpoint 
to that of a pinhead and were round, smooth, slightly elevated or conical and 
translucent or blue-gray rather than opaque. No rough colonies were observed at 
the first plating except in a few unsatisfactory specimens heavily contaminated 
with fecal material, which were allowed to stand several weeks before the mucus 
was washed and plated. However, the smooth colonies usually acquired serrated 
or indented margins when from one to five days old, and smears now showed 
the presence of rough forms (long, slender bacilli as compared with the usual 
smaller ones). 

On the culture plates the dysentery colonies sometimes were numerous, almost 
a pure culture. Occasionally only one or two pure colonies appeared. Pure 
cultures of the dysentery bacilli when freshly isolated usually had a spermatic 
odor of varying intensity, a characteristic which often was used as a point for 
quickly differentiating those bacilli from other organisms of the colon type with 
their distinct odors. 


Results in Cases of 1930.—From June 1 through November 1930 
there were 130 children who entered the Cook County Hospital because 
of dysentery. The stools of 26 patients selected at random from this 
group were cultured by one of us (N. G. S.). A nonmotile gram- 
negative bacillus, apparently the same in each instance and identified 
as a type of the Flexner bacillus (British classification,’ table 6), was 
isolated from 18 of the children. The 8 children from whose stools 
organisms of this type were not isolated were brothers or sisters of the 
aforementioned dysenteric patients whose cultures were positive. 





The 18 strains of dysentery bacilli of the type mentioned showed 
slight variations in ability to ferment 2 per cent sugars. They produced 
no change in lactose but formed acid in mannitol and dextrose in twenty- 
four hours and in maltose and sucrose from four to ten days later. 
Maltose usually changed more slowly than sucrose.’° 


9. (a) Gardner, A. D., and Dudgeon, L. S.: The Dysentery Group of 
Bacilli, in A System of Bacteriology, Medical Research Council, London, His 
Majesty’s Stationery Office, 1929, vol. 4, chap. 3, p. 162. (b) Bergey, D. H.: 
Manual of Determinative Bacteriology, ed. 4, Baltimore, Williams & Wilkins 
Company, 1934. 

10. By repeating these tests it was found that the strains when older fre- 
quently fermented maltose and sucrose more rapidly, in from one to four days. 
To confirm this finding, two strains were reisolated from the original mucus 
and were barely able to form acid in maltose and sucrose within seven days 
or more, although changing dextrose and mannitol in twenty-four hours. After 
being sealed off for a year, many of these strains fermented dextrose, maltose, 
mannitol and sucrose within twenty-four hours but not lactose even after three 
weeks. 
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The stools of 14 other unselected patients in the 1930 group were 
cultured under the direction of Dr. Lloyd Arnold by Miss Virginia 
Ryan, of the department of bacteriology of the University of Illinois. 
From the stools of 10 of these she isolated dysentery bacilli the cultural 
characteristics of which were identical with those just described and 
which were agglutinated by a stock Flexner serum through a dilution 


of 1:1,000. 





TaBLeE 6.—TZhe Dysentery Group and Its Distinctive Characters 








Fermentation 


Etiologie _ x Seokees 
Connection with Lac- Dex- Man- ’ 
Type Dysentery Agglutination tose trose nitol Indole Milkt 


1. British Classification* 


B. dysenteriae Positive Distinctive, — oS — — Slightly acid to 
(Shiga) uniform neutral 
B. dysenteriae Positive Distinctive, - ~ a at Slightly acid to 
(Flexner group) diverse but neutral 
related 
B. dysenteriae Positive Distinctive, a “ + —t A, often coagu- 
(Sonne) probably Early lation 
uniform or late 
B. dysenteriae Positive ? Distinctive, - + — + Slightly acid to 
(Sehmitz) probably neutral 
uniform 
B. dysenteriae Negative ? Distinctive, ~- + aod 4+ Slightly acid, 
alkalescens diverse ? then strongly 
alkaline 
Dysentery- Negative Diverse and Some- a a Vari- Variable 
like bacilli unrelated times able 
(miscellaneous ) late 
acid ? 


2. American Classification? 
Type Lactose Dextrose Mannite Maltose Sucrose Indole 


B. dysenteriae (Shiga) 
Hiss variety...... 
Flexner variety... 
Strong variety... 
Sonne variety.... 








* Gardner and Dudgeon. 
+ Many authors consider the reaction inconstant. 
t Bergey,®” p. 361. 


The laboratories cf the Cook County Hospital cultured stools from 
54 of our patients in 1930 and reported that in 4 cases the results were 
positive for dysentery bacilli (Flexner). It must be pointed out that 
the samples sent to the hospital laboratories were only routine specimens. 
This demonstrates the necessity of proper collection and handling of 
fecal specimens if positive results are to be obtained in the laboratory. 
These 4 children with positive fecal cultures were also found to have 
positive cultures by Shaw or Ryan and do not represent additions to 
the 28 cases cited (18, Shaw; 10, Ryan) in which cultures were positive. 
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The Widal test was not done as a routine. However, in the 15 
cases in which it was done the results were negative. Blood from 2 of 
the sickest children was cultured, with no resultant growth in the 
mediums."' 

Agglutinations: Originally, agglutination tests were planned as fol- 
lows: (1) the unknown organism with known specific serums (from 
rabbits, each immunized with only one strain of a stock dysentery 
hacillus) ; (2) the unknown organism with the patient’s serum obtained 
during convalescence, and (3) the patient’s convalescent serum with 
stock strains of dysentery bacilli. Actually, owing to difficulties of 
technic '* and lack of time tests were made in only a limited number of 
cases. 

Although it was possible to produce in rabbits high levels of 
agglutinins against stock dysentery strains, the routine use of the first 
type of agglutination test mentioned (the unknown dysentery bacillus 
against known specific serums) was abandoned because of occasional 
cross agglutination.’* 


11. Havens,® p. 141. 

12. Gardner and Dudgeon,” p. 225. 

13. Stock strains of dysentery bacilli were obtained from the American Type 
Culture Collection (Flexner 519, Shiga 51 and Strong 4220) and from Dr. 
S. A. Koser, of the University of Chicago (Hiss 6 Y and Sonne 268). Standard 
antigens were made of each: a two to four day growth on bottle agar slants 
was washed off with sterile saline solution, killed by heating at from 58 to 60 C. for 
one hour (the procedure being repeated if necessary because of the presence of 
heat-resistant rough forms) and diluted to a silica standard of density. The 
antigens contained both smooth and rough forms, with the smooth forms in 
preponderance. Five rabbits were used, one for each type of antigen. They 
received eight intravenous injections at five day intervals: 0.1 cc., 0.25 cc., 0.5 
cc. and then five doses of 1 cc. each. However, the rabbits receiving the Shiga 
strain and the rabbits receiving the Strong strain died of paralysis and toxemia 
after the first and third injections, respectively. A second attempt with decreased 
doses again proved fatal for the rabbits receiving the Shiga and the Strong 
antigens, before immunization was completed. Potent serums were obtained for 
the Flexner, Hiss and Sonne strains, which agglutinated their respective antigens 
through dilutions of from 1: 1,280 to 1: 2,560. 

Evidence of cross agglutination was found in these serums; for example, the 
prepared Sonne immune serum partially agglutinated a Strong antigen through a 
dilution of 1: 1,280. The Flexner serum gave a partial agglutination with Strong 
antigen through a dilution of 1: 160. 

To determine whether this cross agglutination was due to a natural immunity 
of the rabbits to some of these dysentery strains, the blood serums of 9 “normal” 
rabbits were tested for agglutinins against the stock dysentery antigen. None 
cf these rabbits had been immunized previously against typhoid or dysentery 
organisms, but some of them had received injections of various foreign proteins. 
The blood serums of 8 of these 9 rabbits agglutinated to varying degrees (in 


(Footnote continued on next page) 
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Results in Cases of 1931,—In the 1931 group of 113 children with 
dysentery, the stools of 65 were cultured by one of us (N. G.S.). The 
results were positive for dysentery bacilli in 33 cases. Twenty-six of 
these strains were of the Flexner type (of these, 15 gave the character- 
istic sugar reactions seen with the 1930 strains, while 11 varied in their 
ability to ferment, and in their speed in fermenting, sucrose and some- 
times maltose '*); 5 were of the Sonne and 2 of the Shiga type. In 
addition Bacillus paratyphosus B was recovered in 4 cases. In 28 cases 
the cultures were repeatedly negative for the suspected dysentery 
bacillus; in 3 of these Morgan’s bacillus 1 was isolated but was doubted 
to be the direct etiologic agent. 

Miss Virginia Ryan, of the University of Illinois, bacteriologist for 
the State Department of Public Health, cultured stools from 41 
unselected children of the 113 dysenteric children in 1931 and isolated 
dysentery bacilli from the stools of 21, all of the 21 strains of bacilli 
being of the Flexner type with the exception of a single Sonne strain. 
These organisms were agglutinated by their respective stock serums. 
3ecause of overlapping of the cases in which tests were made, only 9 
of the 21 cases in which cultures of stools were positive represent cases 
not counted in the foregoing paragraph. 

Similarly, Miss Catherine Woolsey, of the laboratories of the Cook 
County Hospital, obtained Flexner bacilli from the stools of 7 of 27 
patients whose stools were cultured. Of the 7 cases in which the 
cultures were positive, only 4 represented cases not previously counted. 

Thus, ruling out duplicates, three laboratories cultured stools from 
90 of the 113 children with dysentery and isolated dysentery bacilli from 
the stools of 46 of them. 

During this same period (1931). there were 34 other children with 
mild diarrhea whose histories and clinical course did not suggest 
dysentery. The stools of 14 of these children were cultured. Morgan’s 
bacillus and Bacillus alcaligines were the usual organisms isolated, with 
B. dysenteriae Schmitz and B. paratyphosus B found in 1 case each. 
These patients are typical of a fairly large group of such children enter- 
ing the hospital with a mild gastrointestinal upset, which may be present 
alone, as the chief complaint, or concomitant with other disease, such as 
pneumonia. Most of these children were admitted to the hospital as 
suffering from “food poisoning” or from dietary indiscretions. 

Results in Cases of 1932.—In 1932 we cultured the stools of 79 of 
the 117 patients with dysentery. The cultures of 34 children were 








dilutions of 1: 320 usually; rarely, 1: 1,280) the stock antigens prepared from 
five to ten months previously from stock typhoid and dysentery strains. 

Freshly prepared and more dilute antigens were used with the blood serum of 
the ninth rabbit, which was found to agglutinate the Hiss antigen partially 
through 1: 640 but not the other antigens to any appreciable extent. 
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negative for the suspected dysentery bacillus, and those of 45 were 
positive as follows: 40 of the strains were of the Flexner type (35 of 
these strains gave the usual biochemical reactions of the 1930-1931 
strains, while 5 gave from doubtful to negative sucrose fermentation) ; 
3 strains represented Schmitz’ bacillus and 2 strains represented Shiga’s 
bacillus. The hospital laboratory reported routine stool cultures for 22 
unselected children with dysentery, Flexner dysentery bacilli being 
recovered from the stools of 2 of these patients. The case of 1 of 
these patients was not counted above.** 

Agglutinations: The diagnosis of bacillary dysentery by agglutina- 
tion tests of the patient’s serum with stock antigens has not been widely 
accepted, although the Widal test, which is similarly used in the diagnosis 
of typhoid fever, is of unquestioned value. From our limited experience 
with the agglutination test in the 1930 cases we felt that the procedure 
probably was reliable and should be tried further. 

In 1932, we were able to investigate this phase of the problem to a 
moderate degree. Blood was drawn from 23 convalescent dysenteric 
children at about the tenth day of the illness. We had isolated dysentery 
bacilli from the stools of 11 of these patients. Their serums agglutinated 
stock dysentery antigens through high dilutions—from 1 :640 to 1 :2,560. 
From the 12 other dysenteric children (the history, clinical findings and 
course were typical of the disease) we had failed to isolate dysentery 
bacilli by culture of the stools, yet the serums of 9 of them gave high 
agglutination (from 1: 1,280 to 1: 2,560) ; the serums of 2 gave aggluti- 
nation through the dilutions 1: 320 and 1: 640, and the serum of 1 child 
gave doubtful agglutination of stock dysentery antigens. 

Miss Woolsey, of the laboratory of the Cook County Hospital, like- 
wise found that the serums of 7 other dysenteric children (these were 
among the 20 dysenteric children from whose stools the hospital 
laboratory did not isolate dysentery bacilli), drawn between the second 
and the twenty-fifth day of the disease, agglutinated stock strains of 
dysentery bacilli through the dilutions from 1 :320 to 1 :2,560. 

Although we found positive agglutination in tests with serums of 
convalescent dysenteric children, the value of the modified Widal test 
in dysentery also depends on whether or not the test is positive for non- 
dysenteric patients. Unfortunately a large control group of non- 
dysenteric children was not tested, but we did test the serums of 4 
nondysenteric children and found that they did not possess agglutinins 
against the stock dysentery antigens. 

14. During August 1932, when the incidence of dysentery was high, the 
stool specimens were not obtained and dispatched with the usual care owing 
to a change in personnel. We failed to recover dysentery baciili from the stools 
of 19 of the 28 dysenteric children whose stools were cultured during August, 
which fact again impressed us with the importance of care in obtaining proper 


specimens for culture. 
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Because of the difficulty of culturing dysentery bacilli in every case 
of bacillary dysentery, it is desirable to have some other laboratory aid 
in the diagnosis. From our experience, we believe that the modified 
Widal type of reaction is dependable after there has been time for 
immune bodies to develop. One criticism of the test is that the patient’s 
serum often agglutinates more than one type of dysentery bacilli. This 
cross agglutination is due to the similarity of the somatic antigens in 
some of the dysentery bacilli. However, the causative type is usually 
agglutinated to a higher dilution than the other types. 


COMMENT 

Bacillary dysentery as a clinical entity in children has become well 
recognized as an epidemic and endemic disease throughout the United 
States. This view was not common at the time we started our work 
in 1930. Many textbooks have not presented an accurate picture of 
this disease in children, and some authors discounted its presence in 
temperate climates. Much of the uncertainty concerning bacillary 
dysentery has been due to the divergence of opinion among bacteriologists 
as to the classification of known dysentery organisms, to the question 
of the pathogenicity of certain strains of dysentery bacilli or related 
organisms and to the failure of competent investigators consistently to 
find in the stools of a majority of the patients examined organisms that 
were indisputably dysentery bacilli. 

For many years it was thought that of all the dysentery organisms 
only the Shiga bacilli produced a true or exotoxin. Likewise, that only 
the Shiga bacilli produced the severe or true bacillary dysentery. From 
our clinical and laboratory experience we are convinced that many 
of our strains (other than the Shiga) produced potent exotoxins ‘and 
that our cases of dysentery (Flexner) correspond in severity of disease, 
course and mortality to those described for Shiga dysentery.” 


15. Holt (Flexner, S., and Holt, L. E.: Bacteriological and Clinical Studies 
of the Diarrheal Diseases of Infancy, with Reference to the Bacillus Dysenteriae 
[Shiga] from the Rockefeller Institute for Medical Research, New York, Rooney 
& Otten Printing Company, 1904), Dopter (Bull. Inst. Pasteur 4:1, 1906) and 
Shiga (Shiga, K., and Tsuchiya, S.: Ztschr. f. Hyg. u. Infektionskr. 60:75, 
1908) have stated that they found cases of Flexner dysentery equal in severity 
to the Shiga type. Sonne (Giftfattige dysenteribaciller, experimentelle og kliniske 
studier, Dissert., Copenhagen, 1913) and Lester (Ugesk. f. leger 88:1125, 1926) 
have found cases of Flexner and Sonne dysentery equal in severity to the Shiga 
type. Bjglen (Dysentery in Denmark, Communications de 1I’Institut serothérapique 
de l’Etat danois, 1934, vol. 24) cbserved: “The findings on bacterial examination 
(apart from toxin production), the clinical features of the disease produced by 
these organisms and the pathologic anatomic changes they bring about do not 
justify that any of the four groups of dysentery bacilli (Shiga, Flexner, Sonne, 
Schmitz) be set apart from the others as being particularly characteristic.” 
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We see no reason for an artificial division of bacillary dysentery 
into “true,” “pseudo,” “para” or “meta” dysentery types. Bacillary 
dysentery is a disease characterized by a sudden onset, frequent loose 
stools containing mucus and usually blood, with illness of varying 
severity, according to the degree of toxicity present rather than to the 
extent of the actual lesions in the bowel, and is caused by any one of a 
group of strains of dysentery bacilli and perhaps also by closely related 
types of organisms whose pathogenicity still is questioned. Indeed, we 
doubt if it is possible to predict the type of dysentery bacillus causing 
dysentery in a given case simply from the clinical history and findings. 
Moreover, in an epidemic of bacillary dysentery it is possible to find 
more than one type of dysentery bacillus and certainly several different 
strains of any one type. This fact is not generally appreciated, and 
because of the diversity of organisms sometimes found—or at least 
the failure to find a single common type—in an epidemic or a series of 
cases, many clinicians have doubted whether these various strains were 
actually the etiologic agents or whether some other factors were not 
involved. 

After admitting that bacillary dysentery is an entity caused by any 
one of a number of strains of dysentery bacilli, we are faced with the 
question: Can this disease be distinguished from that caused by various 
members of the Salmonella group—e. g., B. enteriditis, which is usually 
thought of in food poisoning due to tainted meats, or B. paratyphosus A 
or B, or B. suipestifer and others? While the diarrhea and the course 
of the illness in infections caused by the latter are usually thought to be 
rather mild, as evidenced by mild diarrhea, abdominal cramps, slight 
fever and malaise (similar to mild dysentery), in some of the cases 
these infections are quite severe and can be differentiated from dysentery 
only by culture of the stools. 

In 1934 Kaufman and White '® completed their classification of the 
Salmonella group. The question of the pathogenicity of many of these 
strains for man is still in dispute. Perhaps future bacteriologic and 
clinical work will help either to separate better the cases due to strains 
of Salmonella from those due to strains of dysentery bacilli or will 
revise the present conception of infectious diarrhea to allow the use of 
the general term of bacillary diarrhea as opposed to parasitic and other 
types of diarrhea. 

In the matter of treatment we departed from the time-honored 
purging with castor oil and initial starvation. Such measures would 


16. Kaufman and White, in Topley, W. W. C., and Wilson, G. S.: Principles 
of Bacteriology and Immunity, ed. 2, Baltimore, William Wood & Company, 1937, 
p. 551. The Genus Salmonella Ligniéres, 1900, Issued by the Salmonella Subcom- 
mittee of the Nomenclature Committee of the International Society for Micro- 
biology, J. Hyg. 34:333, 1934. 
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have meant certain death to a number of our prostrated infants—and 
if purging and starvation are not actually dangerous to many dysenteric 
children, they at least seem to be futile in “sweeping the bowel clean” 
and putting it at rest. Catharsis and enemas may remove most of the 
intestinal contents, but they irritate further an ulcerated bowel and 
definitely add to the patient’s malaise. Also, it is probable that the 
toxemia results more from the absorption of toxin from the dysentery 
bacilli growing in the ulcerated and inflamed areas of the intestinal wall 
than from the absorption of intestinal contents, which nature is remov- 
ing fairly rapidly as stools. It seems more reasonable to employ 
supportive measures, encourage the intake of fluids and give a bland 
diet, with perhaps a bismuth preparation and camphorated tincture of 
opium U.S. P., in a disease which is usually self limited if the patient 
can be kept alive. 
SUMMARY 

A review of 356 cases of dysentery in children admitted to the chil- 
dren’s division of the Cook County Hospital in 1930, 1931 and 1932 
is presented with clinical and laboratory data. This disease, which 
seems endemic in many parts of the United States, according to reports 
and conferences of the past few years, reached epidemic proportions 
in Chicago in 1930-1932. 

The white blood cell counts varied according to the toxicity of the 
patient, with “toxic granulation” of the polymorphonuclear leukocytes 
a frequent finding. In the matter of treatment, supportive measures to 
combat shock, dehydration and toxemia were most important. We 
avoided purging and starvation. The type of diet, whether chiefly 
protein or chiefly carbohydrate, seemed to make little difference in the 
patient’s rate of recovery. The apple diet seemed helpful in those chil- 
dren who took it reasonably well. It should not be forced to the 
exclusion of other foods if it is taken poorly or refused. 

Although several types of dysentery bacilli were found in 96 of the 
170 cases in which the stools were cultured by one of us (N. G. S.), 
most of them were Flexner types. 











PSEUDOMALIGNANT AND APPARENTLY INOPERABLE 
PAPILLARY TUMOR OF THE OVARIES 


JOSEPH L. BAER, M.D. 
CHICAGO 


Bilateral papillary cystadenoma proliferans of the ovaries is a well 
established, well recognized entity which of itself would warrant no 
special comment. This statement applies equally well to bilateral papil- 
lary cystadenocarcinoma of the ovaries. However, benign papillary 
tumors of the ovaries with metastases which are microscopically benign 
present a variety of clinical terminations. Posatti’ maintained that 
the nature of the growth can be determined only by an evaluation of 
the findings at operation plus the subsequent course. He has divided 
these growths into four groups. Group 1 includes those microscopi- 
cally benign tumors which metastasize widely into nearby organs, are 
clinically malignant and rapidly, fatal but which respond well to roent- 
gen therapy. The second group includes tumors of the same type with 
similarly widespread secondary growth within the peritoneal cavity. 
This group differs, however, in that removal of the primary tumor 
results in spontaneous disappearance of the secondary growths without 
further treatment. The third group includes those neoplastic growths 
in which removal of the primary tumor produces no apparent effect on 
the metastases. The latter can be found apparently unchanged in sub- 
sequent remote laparotomy. In the fourth group are included those 
papillary cystadenomas which are primarily benign and which subse- 
quently undergo characteristic malignant changes. Approximately half 
of all papillary cystadenomas,? with or without metastases, fall into 
this group. 

The case to be reported belongs in group 1: papillary cystadenoma 
of the ovaries with widespread, rapidly growing metastases. The origi- 
nal diagnosis was established at exploratory laparotomy, at which time 
the tumor was considered by the clinician and and the pathologist to be 
malignant and inoperable. Immediate roentgen therapy was followed 
in three months by a second laparotomy, at which time all the metastases 
had disappeared, the primary tumors had been rendered operable, and 
the patient remains clinically cured six years later. 


1. Posatti, F.: Zentralbl. £. Gynak. 59:2864, 1935. 
2. Meyer, R.: Zentralbl. f. d. ges. Gynak. u. Geburtsch. 65:698, 1910. 
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REPORT OF A CASE 


Mrs. A. R., a nullipara aged 32 years, married four and one-half years, was 
seen Sept. 2, 1932. Her symptoms at this time were pain in each lower quadrant 
of the abdomen, frequency of urination, progressive abdominal enlargement and 





Fig. 1—A, biopsy specimen of typical benign papillary cystadenoma; x 44. 
B, same magnified under high power; x 152. 


loss of 46 pounds (20.9 Kg.) in weight. Nine months previously she had experi- 
enced an attack of acute pain in the left lower part of the abdomen. She was in bed 
twenty days and required repeated hypodermic administration of morphine. On 
examination she showed slight pallor and a distended abdomen (99 cm. in cir- 
cumference), in which no masses could be palpated. There was a definite fluid 














note 








242 ARCHIVES OF PATHOLOGY 
wave, with dulness in both flanks. On vaginal examination the cervix was found 
to be small, crowded against the symphysis and fixed, with fluctuant bulging of the 
posterior fornix. She had 4,100,000 red blood cells per cubic millimeter with a 
hemoglobin content of 55 per cent, 5,500 white cells and a sedimentation rate of 
two hours. 

Laparotomy was performed September 6, under ethylene anesthesia. The 
abdomen held 3,000 cc. of clear amber ascitic fluid. Exploration of the abdominal 
cavity revealed a large gray-white grapelike mass filling the entire true and false 
pelvis and extending up to within 1 cm. of the umbilicus. This mass was studded 
with firm papillary growths of millet seed size, which broke off readily under 
pressure, leaving an avascular surface. Both ovaries were involved in this mass, 
and there were many nodular metastases in the parietal peritoneum, the large 
and small bowel and the mesentery. The liver was palpated and no nodules were 
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Fig. 2.—Biopsy specimen of typical benign papillary cystadenoma showing the 
number of papillae undergoing edema and degeneration under roentgen therapy ; 


x 48. 


found. Any attempt at complete eradication of the tumor growths was out of the 
question. The pathologist regarded the clinical picture as one of inoperable and 
characteristic cystadenocarcinoma of the ovaries. Specimens were taken for 
biopsy and the abdomen was closed. 

The pathologic report was as follows (Dr. Otto Saphir): “The specimen is a 
peritoneal implant which arises from a papillary cystadenoma of the ovary. Micro- 
scopically, numerous large papilliferous structures, irregularly arranged, are seen. 
They are usually thick and supported by a cellular fibrous connective tissue stroma, 
which in some areas is composed of young fibrobasts in an edematous matrix. These 
structures present smaller papillae on their surfaces and are lined by a single layer 
of ciliated low columnar epithelium. The epithelial cells are closely arranged, stain 
intensely and contain oval, deeply basophilic nuclei. The histologic structure is prac- 
tically identical with the structure of the primary tumor obtained at the second 


operation and described below.” 
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Because of the startling revelation of the benign character of this tremendously 
extensive growth, the patient was subjected to roentgen therapy during the two 
weeks from September 17 to October 1 as follows: with 200 kilovolts and 10 
milliamperes of current, 0.25 mm. of copper and 1 mm. of lead filter, a distance of 
85 cm. and a field 37 by 37 cm., five doses of 200 roentgens (r) each were given 
to an anterior abdominal field and three doses of 200 r each to a posterior abdominal 
field over a two week period. 

The patient was seen October 21. Her abdominal circumference was 94 cm., 
and marked ascites could be detected. The hemoglobin content was 75 per cent; 
the sedimentation rate, 50. minutes; the weight, 144 pounds (65.4 Kg.). Four 
weeks later the patient had lost 3 pounds (1.3 Kg.) ; the abdominal circumference 
had decreased to 88 cm., and the sedimentation rate, to 45 minutes. Laparotomy 
was advised. The abdomen was reopened November 25 under ethylene and ether 
anesthesia. A mass was found filling the entire true pelvis, involving both 
ovaries and the uterus and freely movable. The surface presented the same 
studded appearance as at the primary operation. However, no evidence of metastatic 
nodules could be found except several small nodules on the peritoneum of the 
bladder. There was no free fluid. Bilateral salpingo-ovarectomy and supravaginal 
hysterectomy were performed. The patient made an uneventful recovery and was 
discharged on the seventeenth postoperative day. The pathologic report was as 
follows: “The specimen shows papillary cystadenoma of the ovary. Micro- 
scopically, a portion of typical ovarian tissue presents on its external aspect 
numerous papillary structures of irregular size and outline, extending a con- 
siderable distance from the ovary proper. Each of these structures usually shows 
a substantial supporting core of cellular fibrous connective tissue, which is well 
vascularized, occasionally scant and edematous. They are lined by a single layer 
of low columnar cells, with oval, deeply basophilic nuclei, which are often arranged 
in smaller superimposed papilliferous projections. Small cystic structures lined by 
similar epithelium and containing amorphous homogeneous material are scattered 
within the ovarian stroma. There is evidence of old and recent hemorrhage, and 
adjacent to a focus of red cell extravasation numerous plaques of basophilic 
material occur.” 

Five and one-half years have elapsed since the second operation. During this 
time the patient has been seen at quarterly intervals. She feels perfectly well; 
she has a freely movable cervical stump, and there has never been any evidence 
of return of ascitic fluid. She gained weight steadily to such a degree that in 
1936 she was placed on a diet for obesity and thyroid extract administered. The 
sedimentation rate was 2 hours plus. Her blood picture has returned to normal. 


104 South Michigan Avenue. 











HYPERERGIC INFLAMMATION 


FREDERICK STENN, M.D. 


CHICAGO 


The term “pathergy” as created by Rossle denotes altered tissue 
responses to stimuli. It embraces two great groups: The first is specific 
allergy, or the state of sensitivity to a specific antigen, which includes 
anaphylactic shock and the Arthus phenomenon. The second is non- 
specific allergy, or the state of sensitivity induced by one antigen but 
released by another antigen (parallergy) or released by a mechanical, 
physical or chemical stimulus. Besides hyperergy, the state of increased 
activity, there may develop anergy, i.e., loss of reactivity. It is the aim 
of this review to present some of the important recent contributions 
pertaining to local and general hyperergic inflammation. 


CHARACTERISTICS OF HYPERERGY 
The demonstration by Arthus in 1903 of the plaque de gangrené 
at the site of subcutaneous injection of horse serum in the abdominal 
wall of the specifically sensitized rabbit established the foundation for 
the study of hyperergy. The investigations of Rossle, Frohlich, Klinge, 
Gerlach, Abrikossoff, Junghans, Vaubel, Metz, Askanazy, Bieling, Auer, 
Knepper, Knepper and Waaler, Dietrich, Siegmund, Wyropajew, 
Fischer and Kaiserling, Lasowsky and Kogan, Opie, Roulet, Migounov, 
Masugi, Seegal and Jost, Hemken and Rukstinat and others appear to 
have shown that the hyperergic phenomenon may be elicited in the myo- 
cardium, heart valves, arteries, veins, lymphatics, lymph glands, muscles, 
tendons, periarticular tissue, joints, peritoneum, pleura, meninges, kid- 
neys, liver, stomach, intestine, spleen, lungs, diaphragm, appendix and 
brain, as well as in the skin, of an animal sensitized to bacterial antigen 
or to a protein antigen such as serum or egg white. Characterized by 
a rapid evolution and a stormy inflammatory course, the reaction con- 
cerns tissue of mesenchymal origin, particularly connective tissue, and 
consists of intense dilatation and stasis in the capillaries and veins, 
marked edema, hemorrhages, leukocytic infiltration of the walls of the 
vessels, swelling and desquamation of endothelium, thrombosis and 
necrosis, followed by scar. Fibrinoid degeneration (gonflement fibri- 
noide—French ; fibrinoide Verquellung—German) of the ground sub- 
stance in the connective tissue and blood vessels and the formation of 
granulation tissue, surrounded by histiocytes and fibroblasts, are char- 
acteristic. 


From the John McCormick Institute for Infectious Diseases. 
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LOCAL SPECIFIC ALLERGY 

The presence of antigen in the tissues of specifically sensitized ani- 
mals may result in a typical hyperergic reaction. 

Skin.—The Arthus phenomenon may be produced by horse serum, 
egg white or crystalline ovalbumin (Arthus and Breton; Gerlach; Opie; 
Klinge; Rossle; Doerr, and others). At the site of injection appears 
a swelling, which later undergoes necrosis. The area is filled with 
polymorphonuclear leukocytes, and the tissue spaces are distended with 
serous fluid containing a network of fibrin. Necrotic nuclei and swollen 
nuclei of fibroblasts are abundant. The white fibrous connective tissue 
is separated by fluid containing numerous red blood cells. The capil- 
laries, small veins and lymphatics surrounding the necrotic focus show 
hyaline thrombosis. Polymorphonuclear and mononuclear leukocytes 
encircle and penetrate the walls and the hyalinized contents of the 
lumens of these vessels. A fibrin network is often present in their walls 
as well. The cellular infiltration in the periadventitial tissues gives the 
appearance of a granuloma. Opie observed proliferation of the endo- 
thelial lining of the lymphatics, with the formation of multinucleated 
syncytial giant cells. According to Menkin, this inflammatory process 
is characterized by increased permeability of the capillaries, by outpour- 
ing of fibrinogen into the tissue spaces, by deposition of fibrin and by 
thrombosis of the lymphatics, processes which insure local fixation of 
the antigen. Opie found that reversing the usual procedure by admin- 
istering the antigen intravenously and on the following day injecting 
specific antibody into the skin gives rise to the typical Arthus reaction. 

Peritoneum and Mesentery.—Through a window made in the abdom- 
inal wall, Roéssle observed in sensitized rabbits and guinea pigs, after 
the introduction of the specific antigen into the peritoneal cavity, the 
development of violent peritonitis with fibrinoserous and cellular exuda- 
tion. This phenomenon did not occur in nonsensitized animals. 
Frohlich and Rossle reported the occurrence of the Arthus phenomenon 
in the mesentery of the sensitized frog on local application of hog 
serum. At the point of contact there immediately developed a zone of 
capillary stasis ; a little further out the capillaries became engorged with 
plasma, and emigration of leukocytes occurred. Distinct edema of the 
nerves was evident in the vicinity of application. 

Meninges.—According to Ssolowjew and Ariel, and Davidoff and 
his co-workers, inflammation induced by injecting normal horse serum 
into the subarachnoid space in rabbits which had been sensitized by 
intrathecal injections began promptly with an inflammatory exudation 
in which were polymorphonuclear leukocytes, fibroblasts, plasma cells, 
eosinophils and monocytes. The capillaries and veins showed intense 


inflammation, with deposition of hyaline about them, and thrombosis. 
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Fibrinoid changes in the connective tissue were fairly constant. The 
controls, given intrathecal injections, showed a mild inflammatory 
response, with groups of lymphoid cells in the pia. Burn and Finley 
announced similar results in tuberculous guinea pigs after the injection 
of tuberculin or living or dead tubercle bacilli into the subarachnoid 
space. 

Pleura and Lungs.—Roulet produced lesions consisting of granula- 
tion tissue, fibroblasts, a round cell infiltrate, hemorrhages, giant cells, 
fibrinoid swelling and necrosis of the pleura by injecting chicken blood 
intrapleurally into sensitized guinea pigs, the picture resembling tuber- 
culous granuloma. The pleura of the controls showed small fibrinous 
deposits containing erythrocytes, which were resorbed rapidly. The 
production by many investigators of pneumonic inflammation both by 
introducing tuberculin into the lungs of tuberculous animals and by 
introducing pneumococcus protein, ovalbumin or horse serum into the 
lungs of specifically sensitized animals emphasizes the significance of 
allergy. Fried showed that the intratracheal injection of horse serum 
into sensitized rabbits led in each case to fibrinous exudation in the 
pleural cavity, intense pulmonary edema and hepatization of one lobe, 
the process concerning one lung. The alveolar exudate contained 
granulocytes, mononuclear cells, serum and deposited fibrin. The walls 
of the blood vessels were edematous and packed with invading cells and 
were undergoing fibrinoid and necrotic changes, while the endothelial 
cells were swollen and separated and the lumens occluded by thrombi. 
The reaction in the controls was slight, with mild inflammation in both 
lungs. 

Pericardium, Heart and Aorta.—Seegal, Seegal and Jost reported 
their observations in specifically sensitized rabbits following the injec- 
tion of ovalbumin intrapericardially: The pericardial sac contained 
bloody fluid, the pericardium was covered with a fibrinous exudate, 
and the supracardiac tissue about the thymus gland was edematous. 
Subepicardial hemorrhages were numerous. The myocardium showed 
hemorrhages and areas of focal necrosis which involved muscle cells, 
connective tissue and blood vessels. The blood vessels were surrounded 
in the early stages by polymorphonuclear leukocytes and in the later 
stages by lymphocytes and large mononuclears. The changes in the 
aorta were limited mostly to the adventitia and consisted of edema, 
hemorrhages, deposition of hyalin and perivascular cellular infiltration. 
The intrapericardial portion of the aorta in some animals showed com- 
plete destruction of the intima with heavy invasion of the inner half of 
the wall by polymorphonuclear leukocytes and early thrombus forma- 
tion. 

Joints.—Intense inflammatory changes followed intra-articular injec- 
tion of antigen in sensitized animals (Friedberger; Rossle; Gerlach; 


Set pret net 


ee See ee 


PES ENS 

















STENN—HYPERERGIC INFLAMMATION 247 


Klinge; Vaubel; Fricke; Alpern and associates). A stormy, phlegmo- 
nous, purulent, necrotic inflammation promptly developed. The exudate 
contained monocytes and fixed connective tissue cells. The synovial 
membrane was shaggy and thickened and showed papillary hypertrophy ; 
the connective tissue exhibited proliferation, hyalinization and edema, 
with large numbers of monocytes and histiocytes and occasional giant 
cells surrounding the necrotic area. This area of necrosis showed a 
homogeneous waxy matrix with fibrin deposit. The cartilaginous sur- 
face became covered with pannus and underwent degeneration. Similar 
destructive changes occurred in the periarticular tissue and in the liga- 
ments. The arteries and veins about the joint displayed necrotic changes 
of the intima and media with infiltration of the adventitia by mononu- 
clears. Both near and far from the point of injection extensive areas 
of skeletal musculature revealed waxy degeneration with loss of cross 
striations, edema of the muscle fibers and fragmentation. Large con- 
nective tissue cells surrounded the broken-down muscle fibers, and these 
remained as small node formations. The controls showed transient mild 
cellular exudation within the joint. Klinge, Fricke, Vaubel and Sonnen- 
berg found that typical deforming and ankylosing arthritis resulted 
after repeated intra-articular injections of horse serum. This local 
hyperergic response was associated with hyperergic changes of the 
opposite joint, which received no injection, and of the myocardium and 
large arteries. 

Stomach, Intestine and Appendix.—Shapiro and Ivy reported acute 
gastric ulcers following injection of protein into the walls of the stom- 
achs of specifically sensitized animals. The bases of the ulcers showed 
inflammatory cells, fibrinoid degeneration, and edema and proliferation 
of the connective tissue. Local injection of nonspecific protein did not 
result in any reaction. Injected into the wall of the intestine of the 
sensitized rabbit, protein gave rise to hyperemia, edema and _ fibrinoid 
swelling of the connective tissue, with infiltration by numerous leuko- 
cytes and red blood cells. The blood vessels constantly displayed fibri- 
noid swelling of their walls, with severe inflammatory changes in the 
media. The lymph vessels in the neighborhood of the arteries were 
completely thrombosed. Antigen injected into the lumen of the diges- 
tive tract did not elicit the reaction. These observations were supported 
by Kaiserling and Ochse and by Pozzi. 

In the experiments of Fischer and Kaiserling, the injection of anti- 
gen into the submucous lymphatic plexus of the vermiform appendix 
of the sensitized rabbit resulted in intense hyperemia, edema, stasis, 
cellular and fibrinous exudation, hemorrhages and necrosis of the wall, 
with swelling and engorgement of the follicles of the local lymphoid 


tissue as well as of those of the neighboring lymph glands, destruction 
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of the submucous plexus apparatus and thickening, fibrinoid swelling 
and thrombosis of the lymph vessels, with necrotic changes of the endo- 
thelium. Localized peritonitis developed, and the process simulated 
appendicitis in man. The ganglion cells of the myenteric plexus dis- 
closed chromatolysis, swelling, granulation and vacuolation. The 
response in the nonsensitized animals was slight; only hemorrhage of 
the wall of the appendix was evident. 

Liver.—Necrosis has appeared in the liver following direct injection 
of antigen into this organ in a specifically sensitized animal (Seegal 
and associates ; Choi; Alessio). 

Kidneys.—The investigations of Hepler and Simonds, Kaiserling 
and Mathies, Masugi and Sato, Seegal and his associates, Coulter and 
Pappenheimer, and Long and Finner pertaining to the injection of 
protein into the renal arteries or renal parenchyma in the previously 
sensitized animal established that there occurred rapid development of 
hyperemia of the glomeruli with degeneration of the tubules, hemor- 
rhages of the interstitial tissue, fibrinoid necrosis of the small and 
medium-sized vessels, thickening of the vascular walls, fibrinous throm- 
bosis, infarction and necrosis. The control animals receiving intrarenal 
injections or injections into the renal arteries alone showed only renal 
hemorrhage and slight regressive changes in the glomerulli. 

Testicles—Minute doses of tuberculin inoculated into the normal 
testes of tuberculous guinea pigs produced, according to Long and Sey- 
farth, severe degeneration and absorption of the germinal cells, espe- 
cially of spermatocytes. With a dose a thousand times greater the cells 
of the testicles of normal guinea pigs were unaffected. 





Eye.—No less remarkable is the hyperergic inflammatory response 
in the eye, a field which has been the subject of numerous investigations 
(von Szily; Elschnig; Woods; Julianelle and Rhoads; Seegal and See- 
gal; Derick and Swift, and others). 

Arteries and Veins.—Hyperergic arteritis and phlebitis have fol- 
lowed the introduction of antigen into ligatured segments of blood 
vessels of specifically sensitized animals (Migounov; Knepper; Die- 
trich; Siegmund). At the end of forty-eight hours there developed 
proliferation of the endothelium, severe necrotic changes of the intima, 
rupture of the elastic and muscle fibers of the media, with hyaline 
degeneration of the connective tissue, leukocytic infiltration of the entire 
wall and thrombosis. The control blood vessels showed a small amount 
of cellular infiltration in the tunica media and intima. 


GENERAL SPECIFIC ALLERGY 


The hyperergic response may be none the less marked when the 


antigen is administered intravenously into the sensitized animal. 








OBE HATERS 

















i act ete 








STENN—HYPERERGIC INFLAMMATION 249 


Heart.—The heart is peculiarly susceptible to the hyperergic reac- 
tion (Klinge; Vaubel; Junghans ; Metz; Bieling; Knepper and Waaler ; 
Siegmund ; Schmitt; Masugi; Alpern and his associates; Hemken and 
Rukstinat, and others). According to the authors cited the endocardium 
of the heart proper bears nodular thickenings consisting of proliferated 
connective tissue, histiocytes, lymphocytes and eosinophils. The muscle 
fibers, particularly those of the left side of the heart, are fragmented, 
swollen and homogenized, and these areas are infiltrated by lymphocytes, 
connective tissue cells, eosinophils and giant cells. The mitral and aortic 
valves show smooth gray-white grapelike nodes consisting of edematous 
connective tissue, between the fibers of which are deposits of hyalin 
and proliferating vacuolated connective tissue cells. Fibrinoid swelling 
is observed in these areas of proliferation. Histiocytes, lympholeuko- 
cytic elements and Aschoff-like bodies are abundant. The changes are 
most marked near the attached border of the valve. Klinge and Knepper 
reported hypertrophy of the right side of the heart and exudative and 
adhesive pericarditis following intravenous injection of horse serum in 
sensitized animals. These inflammatory changes were not present in 
their controls. 

Arteries and Veins.—The coronary arteries in some cases have 
exhibited proliferation of the endothelium with severe encroachment 
on the lumen, fibrinoid masses in subendothelial tissue, marked edema 
and displacement of the fibers of the media, histiocytic and lymphocytic 
infiltration in the interstitial tissue, collars of histiocytes, plasma cells 
and lymphocytes endangering the lumens of the small vessels of the 
adventitia, and granuloma (Junghans; Klinge; Knepper and Waaler; 
Vaubel; Masugi). Degenerative changes were most severe beneath 
the thickened intima. The favorite site for perivascular granuloma was 
in the papillary muscle and wall of the left ventricle, near the annulus 
fibrosus (Junghans). The left coronary artery usually presented the 
most changes. The lesions were especially severe in animals fatigued 
by activity on the treadmill (Knepper and Waaler). The changes 
observed in the aorta, pulmonary artery and hepatic vein in animals 
sensitized by intravenous injection of protein were simliar to those in 
the coronary arteries. 

Kidneys.—Severe renal damage was observed by Longcope, Masugi 
and Isibasi, Kaiserling and Mathies, Masugi, and Hemken and Ruk- 
stinat and by many whose studies are included in the general review 


on experimental nephropathies by Horn. Bowman’s capsule was 
swollen and showed exfoliation, with cellular exudate in Bowman’s 
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space. The glomerular capillaries contained fibrin thrombi, due to loss 
of structure in the endothelium with partial or complete necrosis. The 
tubular epithelium displayed severe degenerative changes. The arterioles 
were surrounded with collars of lymphocytes and mononuclears; the 
walls were impregnated with fibrinous deposits, leukocytes and erythro- 
cytes, with severe damage to the media. The intima was often thickened, 
leading to thrombosis. Under analogous circumstances, renal inflamma- 
tion was little evident in nonsensitized animals. 

Liver, Spleen and Lymph Glands.—With lymphocytes occupying the 
interstices of the portal triad, the livers of specifically sensitized animals 
treated intravenously with horse serum showed, as Hemken and 
Rukstinat noted, sinusoids distended with erythrocytes, polymorphonu- 
clear leukocytes, eosinophils and lymphocytes, areas of focal necrosis 
extending from the central vein to the periphery of the lobule and 
proliferation of connective tissue in the portal triad. The hepatic veins 
were filled with hyaline thrombi. Siegmund noted that after repeated 
intravenous injections of living and dead bacteria there were degenera- 
tive changes of the capillary endothelium not only in the liver but in 
the spleen, lungs and bone marrow, with resulting thrombosis. Knep- 
per reported eclampsia-like lesions in the liver and kidney after the 


injection of an extract of the posterior lobe of the pituitary gland into 


the hyperergic organism. In the spleens and lymph glands of sensitized 
animals parenteral injection of protein led to swelling and multiplica- 
tion of the reticulum cells, occasional fibrinoid swelling of the reticulum, 
proliferation of the reticuloendothelial cells, edema and hyperplasia of 
the germ centers (Nishii; Grégoire; Epstein; Haendel and Malet). 

Role of Nervous and Circulatory Factors——The evidence pertaining 
to the relationship of the nervous system to hyperergic inflammation is 
conflicting, but that pertaining to the circulatory factors is more certain. 
Gerlach’s investigations affirmed that the Arthus reaction may occur 
independent of blood supply. In each of a number of horse serum- 
sensitized animals he shut off, by constriction, the blood supply to one 
ear and one leg and injected the antigen subcutaneously into both ears 
and both legs. The inflammatory response was alike on the constricted 
and the unconstricted side, consisting of edema, doughy infiltration and 
ulceration. In addition, through a cannula placed in the posterior 
auricular artery of a sensitized rabbit, Ringer-Locke solution was 
allowed to perfuse continuously. Subcutaneous injection of antigen into 
the ear resulted in a typical Arthus phenomenon. Similar perfusion in 
a sensitized control animal was without result. These observations as 
well as Klinge’s demonstration of the diminution or absence of hyper- 
ergic changes in sensitized tissue into which a solution of trypan blue 
was injected intradermally, intravenously or intra-articularly, lend sup- 
port to the view of Opie that the antigen-antibody reaction occurs within 
the cell and not in the blood or in the lymph stream. 
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NONSPECIFIC ALLERGY 

Nonspecific allergy may be induced by one type of agent but released 
by a different agent, mechanical, physical or chemical. An example of 
this type of sensitivity was reported by Auer, who produced severe 
local inflammation and necrosis by rubbing the ear of the sensitized 
animal with xylene. Likewise the hyperergic reaction developed in the 
cardiovascular renal system of the sensitized animal following admin- 
istration of epinephrine, caffeine or alcohol (Knepper and Waaler; 
Knepper) and the reaction occurred in the joints and adjacent tissues 
after refrigeration and trauma (Vaubel; Lasowsky and Kogan). 
Ratschow found that the application of heat (45 C. and from 2 to 8 
C.) for brief periods to the ears of rabbits sensitized intravenously with 
serum resulted in severe stasis in blood vessels and necrosis of tissue 
—phenomena not seen in the controls. Another type of nonspecific 
allergy is that referred to by Moro and Keller under the name 
“parallergy,” which pertains to that state in an animal sensitized to a 
specific antigen in which allergic phenomena may be induced by vari- 
ous other antigens, the so-called parallergens. Illustrative is the experi- 
ment of Bieling and Oelrichs, who inoculated rabbits intratesticularly 
with human avirulent tubercle bacilli and after three weeks injected colon 
bacilli intratracheally. Pulmonary infiltrations developed, with cavita- 
tion, but the controls were unaffected. The studies of Bordet and of 
Dienes and Schoenheit are equally noteworthy. 


COMMENT 

Hyperergy is a protective mechanism of the sensitized organism, 
directed against invasion by an antigenic agent. It concerns a general 
sensitization of the blood vessel system and occurs most frequently in 
organs subject to movement, as the heart, valves, diaphragm, intestine 
and joints and in those subject to great excretory function, as the kid- 
neys (Jaffé). It develops in tissue of mesenchymal origin, particularly 
connective tissue. It differs from normal inflammation in its prompt 
onset, its rapid evolution and its severity. Fibrinoid degeneration and 
swelling of the ground substance in the connective tissue and blood 
vessels are characteristically found, with granuloma formation. The 
arteries, veins and lymphatics undergo severe inflammatory changes, 
with ultimate thrombosis and necrosis, followed by scar formation. 

The remarkable similarity between the lesions of hyperergic inflam- 
mation and those of acute rheumatic fever and periarteritis nodosa has 
convinced many students in this field that allergy may well be an 
important etiologic factor in these conditions. In addition to these 
diseases, hyperergic tissue changes have been claimed to occur in scarlet 
fever and sepsis (Siegmund; Klinke and Silberberg ; Tschilikin ; Meyer- 
Dorken; Rossle; Abrikossoff), chronic endocarditis (Tschilikin), 
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fibrosarcoma and fibroma (Abrikossoff), dysentery (Abrikossoff), 
tuberculous meningitis and cerebrospinal meningitis (Askanazy), 
infectious reticuloendotheliosis (Symeonidis), purpura haemorrhagica 
(Jaffé), appendicitis (Fischer and Kaiserling), arthritis deformans 
(Klinge; Fricke; Vaubel; Sonnenberg), endophlebitis obliterans 
(Roéssle) and malignant hypertension and eclampsia (Ehrstrém). 
Abrikossoff advocated the hypothesis that the prolonged healing of 
many ulcerative processes of the skin and the necrosis of tumors may 
be attributed to local hyperergic changes in blood vessels. That caution 
must be observed in serum therapy is indicated in the report of Clark 
and Kaplan. They found marked hyperergic changes in the mesenchymal 
tissues of two patients with pneumonia who had been rendered hyper- 
sensitive with heavy doses of antipneumococcus serum. 

The development of pathogenic properties by otherwise harmless 
germs during an allergic state or the precipitation in a sensitized organ- 
ism of a severe antigen-antibody reaction within a tissue subjected to 
mechanical, physical, medicinal and chemical stimuli may be funda- 
mental in the interpretation of certain diseases (appendicitis, cholecys- 
titis, pyelitis, pneumonia, arthritis) (Urbach). 

The frequent tendency for certain diseases to occur recurrently, the 
second attack being sometimes more severe than the first, suggests 
sensitization of the organism resulting from reinvasion by virus, germ 
or foreign body and gives rise to a question of the relationship of these 
conditions to the state of hyperergy. The complications and sequelae 
of these diseases may be regarded from a similar standpoint as due not 
to the spread of the virus or to the direct effect of toxins but to a 
change in the reactivity of susceptible tissues induced by protein. 


CONCLUSION 

The mere invasion of the organism by foreign substances, bacterial 
agents, filtrable viruses and their products does not alone adequately 
explain the pathologic and clinical phenomena of certain diseases. Of 
great significance are the quality of the mesenchyme, constitutional and 
endogenous peculiarities, the physiologic state of the nervous system 
and the alteration in the capacity to react induced by previous or asso- 
ciated diseases. Though but one of many factors, allergy certainly 
exercises an influence. These pathologic studies on experimental 
hyperergic inflammation establish a groundwork on which the role of 
sensitivity in the disease process may be determined. 
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FIBRINOLYTIC TITER IN DIAGNOSIS AND 
PROGNOSIS 


W. H. MANWARING, M.D. 
AND 
R. R. MADISON, Pu.D.* 


STANFORD UNIVERSITY, CALIF, 


Menkin* and others have reported convincing experimental evi- 
dence that interstitial and intralymphatic fibrin is an essential mechanism 
of defense against certain microbic infections, the network of fibrin 
serving as a mechanical barrier against the spread of the infectious organ- 
isms. Fuchs? and Van Deventer* discovered that “immune”’ fibrin 
contains adsorbed antibodies in sufficient quantities to exert specific 
trophic and inhibiting effects on homologous micro-organisms. 

It was shown as early as 1908, by Much,* that certain strains of 
staphylococci form or secrete a plasma-clotting factor, which presumably 
assists in the walling-off process in staphylococcic infections. In con- 
trast, both anticoagulants *® and fibrinolytic factors of relatively high 
titer ° have been demonstrated in streptococcus cultures and in exudates 
from streptococcic infections.’ It seems logical to assume that these 
anticoagulants and fibrinolysins account in part for the virulence or 
invasiveness of streptococci and that the titers of the fibrinolysin of 
streptococci isolated from patients may be of diagnostic or prognostic 
significance. In this paper we shall summarize the evidence in support 
of this assumption. 

TECHNIC 

Two improved technics for the study of bacterial fibrinolysins were intro- 

duced in 1933 by Tillett and Garner ®: 


1. Plasma Clot Technic——To 1 cc. of a 1:5 dilution of oxalated human plasma 
is added 0.5 cc. of a twenty-four hour dextrose broth culture (or filtrate) of the 


* Eli Lilly and Company Research Associate in Bacteriology. 
. Menkin, V.: J. Exper. Med. 53:647, 1931; 57:977, 1933. 
. Fuchs, H. J.: Ztschr. f. Immunitatsforsch. 57:320, 1928. 
Van Deventer, J. K.: Proc. Soc. Exper. Biol. & Med. 32:366, 1934. 
. Much, H.: Biochem. Ztschr. 14:143, 1908. 
. Neter, E., and Witebsky, E.: Biochem. Ztschr. 34:549 and 858, 1936. 
Dart, E. E.: ibid. 35:285, 1936. 
6. Tillett, W. S., and Garner, R. L.: J. Exper. Med. 58:495, 1933. 
7. Neter, E., and Witebsky, E.: J. Bact. 31:77, 1936. 
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bacterial strain to be tested. Coagulation is brought about by the addition of 
0.25 cc. of a 25 per cent solution of calcium chloride. The tubes containing the 
plasma clots are then placed in a water bath at 37 C., and the time of beginning, 
of partial, of nearly complete and of complete liquefaction is noted. The tubes 
showing no softening by the end of twenty-four hours are assumed to contain no 
demonstrable thrombolysin. 

The main difficulties in the application of the plasma clot technic are due to the 
wide variation in the susceptibility of different samples of presumably normal 
human blood. This variation is apparently due to differences in their content of 
specific antibodies. These difficulties are avoided in the fibrin clot technic. 


2. Fibrin Clot Technic—A 1:5 dilution of a standard serum-free (antibody- 
free) solution of fibrinogen, prepared by fractionation of normal human plasma, 
is substituted for the oxalated plasma in the plasma clot technic, and coagulation is 
brought about by the addition of 0.1 cc. of a standard antibody-free solution of 
human thrombin. Since autolysis in serum-free fibrin prepared by this technic 
usually takes place in about six hours, fibrin clots showing no demonstrable lique- 
faction by the end of two hours’ incubation are recorded as indicating absence of 
fibrinolysin. The slight differences between “normal” and “immune” fibrin ® 
prepared by this technic are of little clinical interest. 


FIBRINOLYTIC TYPES OF STREPTOCOCCI 


From various hospitals, clinics and veterinary institutions of northern 
California, 193 strains of Streptococcus haemolyticus were obtained, 
together with 33 strains of Streptococcus viridans. Their lytic potencies 
were titrated by the plasma clot technic, normal human plasmas of 
maximal susceptibility being used. For convenience in recording the 
data, the hemolytic strains were divided into three groups: (1) 32 
demonstrably invasive strains, originally isolated from internal human 
tissues showing various pathologic processes (e. g., septicemia, empyema, 
endocarditis, osteomyelitis, meningitis and pneumonia); (2) 123 pre- 
sumably noninvasive strains, originally isolated from superficial human 
lesions (e. g., erysipelas, furunculosis, septic sore throat and sinusitis), 
and (3) 38 veterinary strains, originally isolated from the cow, horse, 
hog, dog, deer or rabbit. To these were added (4) 33 clinical strains 
of Str. viridans. The thrombolytic titers of these four groups are sum- 
marized in table 1. 

The data in table 1 tend to confirm the assumption that the invasive- 
ness of a given strain of Str. haemolyticus is roughly proportional to 
its fibrinolytic titer. 


Veterinary Fibrinolysins.—Titrations were subsequently made of 
the same 193 strains using both plasma clots and serum-free fibrins 
from lower animals. The results showed that 175 of these strains 
(90 per cent) were entirely nonlytic for all serum-free veterinary fibrins 
tested (horse, sow, sheep, swine, rabbit and domestic fowl). The data 
on the 18 lytic strains (10 per cent) are recorded in table 2. 
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STABILITY OF FIBRINOLYTIC FUNCTION 
To test the stability of the fibrinolytic function of Str. haemolyticus, 
a typical fibrinolytic strain (C203) was repeatedly passed through 
rabbits and retitrated at the end of each passage. 


Four rabbits were each given intraperitoneally doses varying from 2 to 20 ce. 
of a twenty-four hour beef-heart infusion broth culture of the original strain. 


TABLE 1.—The Lysis of Human Plasma Clot by Twenty-Four Hour Broth Cul- 
tures of Clinical Streptococci 








Number Giving Fibrinolysis* Number Not Percentage 
Group of Strains of Cultures — *~ sn Fibrino- of Lytie 
Streptococci Tested +++4 +++ ++ + lytic Cultures 
1. Str. haemolyticus from 
internal human tissues... 32 14 7 8 1 + 94 
2. Str. haemolyticus from 
superficial human tissues 123 6t 7% 7 1 102 17 
3. Str. haemolyticus from 
tissues of animals, sup- 
plied by veterinarians.... 38 0 0 0 3§ 35 7 
4. BEe. VITIGBIB. ooo csc. 33 0 0 0 0 36 0 








* The titers given represent composite readings from three tests with three different samples 





of susceptible human blood. The significance of the plus signs is as follows: ++++, complete 
liquefaction of the plasma clot by the end of sixty minutes; +++, complete liquefaction by 
the end of two hours; ++, practically complete lysis in from six to twenty-four hours; 


partial lysis by the end of twenty-four hours. Cultures were considered negative which gave 
no demonstrable softening of the clot by the end of twenty-four hours. 

+ One of these negative strains was from a case of mastoiditis of the right side; the other, 
from a case of acute meningitis. 

t This includes 5 erysipelatous strains, all of which were strongly lytic. 

§ The 8 slightly positive strains were from a hog, a dog and a deer. 


TABLE 2.—Lysis of Fibrin from Lower Animals by Str. Haemolyticus 








Fibrinolysis* 


pa 
Origin of Strain Horse Hog Cow Rabbit Man 
Horse, ‘‘strangles” (10 strains)................ + 0 0 0 0 
ota tkeccessatespeseeseece b+ 0 0 0 0 
ee inns rs olde 6s seeseeeedov ras $+ + 0 0 0 0 
i a a dss nic dwcdakeechenes¥es + 0 0 0 0 
Ps I NI oo ce cw ccvccscecurecese + 0 0 0 \ 
er kcbcncsedcdeedeces + 0 0 0 
How, “septioomin’’ (S Strains)... ....cccccccsece 0 ee 0 0 \ 
IE oii.s 0c ciccccscscecveecss 0 + 0 0 0 








* Twenty-four hour veal infusion broth cultures of Str. haemolyticus were tested against 
veterinary fibrins by the serum-free fibrin clot technic. The significance of the plus signs is as 
follows: +++4+, complete liquefaction of the fibrinogen-thrombin complex within ten minutes; 


+++, within thirty minutes; ++, within one hour, and +, within from two to three hours. 
The +++ and +++4 fibrinolytic strains are + and ++ thrombolytic, by the plasma clot 
technic. 


Three days later, the rabbit receiving 20 cc. was in a moribund condition. Blood 
was withdrawn by cardiac puncture and plated out on 2 per cent rabbit blood—beef 
heart infusion agar. A single typical hemolytic colony on this plate was used for 
the production of the first passage culture. This subculture was used for the 
inoculation of the second group of 4 rabbits. The process was repeated for 22 
successive animal passages (88 rabbits). At the end of the fifteenth passage the 
recovered strain was propagated for 15 subcultures on routine culture medium 
and retitrated at various stages during its subsequent reversion to type. 


Typical data thus obtained are recorded in table 3. 
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Table 3 shows that it required between 8 and 15 successive rabbit 
passages to effect a significant reduction in the fibrinolytic titer of strain 
C203. The apparently lost (or suppressed) fibrinolytic function was 
regained by the third subculture on routine culture mediums. 


FIBRINOLYTIC TITER AND CLINICAL SEVERITY 
Applying the plasma clot technic, with the rate of thrombolysis as the 
quantitative index, Dack * and his co-workers found a slight correlation 
between thrombolytic titer and clinical severity in scarlet fever. We 
have restudied this alleged correlation, using the more delicate fibrin clot 


TasBLeE 3.—Effects of Repeated Rabbit Passages on Fibrinolytic Streptococci 








“Carbohydrate” Titer 
- —, Fibrinolytie 


Stage of Strain C203 at o- ee a m 
Time of Test* Type A TypeC Type E Titert 
Before rabbit PASSAE.... ... 222. cccccccccccvcccsccescese ++++ 0 0 ro i ok 
After rabbit passage 
BE... cccvecccccesccccccocecovcensseccsssccscevesess +4+4+4 0 0 oy" 
Dancy ab acrrsdssscvcesccbneecesnneeseesessnbs cues ++4 0 0 
Dvec'v: cnc cwdne sevcvcasss cvcessdseseneevessveceodee f+ +++ 0 - fe oe 
eal et cine elke Ruins Gham eibeeeeneanak 0 0 +++ 0 
EE a Ores erry me 0 0 be diville 0 
pg err ee 0 0 b hocks 0 
After subculture passage 
DNs ascbret ochvnrduweses edsenkasonss adeawede 0 0 0 ++ 
skola ws as wer epee ibe ois & inns alee did ene + 0 0 wees 
PTT CELL LOTT + 0 0 ++ 
Sb kde is < ettlekete 65206 etree eae eaenann ++ 0 0 
iin diated a» 4:50 aylaiinsidlad eae Route de kein emits Gee ame Soe 0 0 - + 


* The selected strain (C203) was furnished by Dr. R. ©. Lancefield, of the Rockefeller 
Institute for Medical Research, New York, and was originally isolated from a patient with 
searlet fever. The strain is specifically lytic for human fibrin and contains only one Lance- 
field carbohydrate (type A). (Lancefield, R. C.: J. Exper. Med. 57 : 571, 1933). 

+ The titers of antihuman fibrinolysin were determined by the plasma clot technic. The 











‘ 


plus signs have the following significance: ++++, complete liquefaction of the normal human 
plasma clot within twenty minutes after mixture of the fibrin with the twenty-four hour 
broth culture; +++, within two hours: , Within six hours; +, within twenty-four hours; 
+, intermediary reaction (approximately equal to % +). A zero means that no softening 


was demonstrable by the end of twenty-four hours. 


technic. The titrations were made with 55 strains of Streptococcus scar- 
latinae furnished by Dr. F. H. Frazer of the Connaught Laboratories, 
University of Toronto. She classified scarlatinal conditions represented 
by these strains as “mild,” “moderate” or “severe” on the basis of tem- 
perature, duration of illness and number of complications. The fibrino- 
lytic titers of these 55 strains are summarized in table 4. 

In order to determine the percentage of correlation, the total number 
of strains (55) was divided into 4 quadrants. The upper left hand 
quadrant (AB) is composed of strains simultaneously superior in 
the production of symptoms (A) and in the production of fibrinolysin 
(B). The lower right hand quadrant (ab) is composed of strains simulta- 


8. Dack, G. M.; Woolpert, O. C., and Hoyne, A. L.: Proc. Soc. Exper. Biol. 
& Med. 32:1431, 1935. 
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neously inferior in these two functions. The other two quadrants (Ab 
and aB) consist of strains superior in one and inferior in the other 
function. The percentage of correlation may be calculated from the 
equation : 

C— crater of aains "35 = 80 per cent 
The mathematical coefficient of association (Q) calculated by the more 
complex Yule ® formula is as follows: 


— 20 K 24-—-9 K 2 
Q— ES aby FAN GB) aCe Sea OD Per cent 

Since in practically all of the cases in which the infection was severe 

there were one or more complications, and since in the great majority 

of those in which the infection was moderate or mild there were no 


complications, the 93 per cent coefficient of association confirms the 


TABLE 4.—Correlation Between Titer of Fibrinolysin and Clinical Severity 








Strains Yielding Given Number of Units of 
Fibrinolysin per Cubic Centimeter* 


—_ ~ 
(Bt) (bt) 
Symptomatic Class 512 Units 256 Units 128 Units 64 Units 32 Units <16 Units 
IE alk hsgecutices occas eaneee ®.. 9 7 1 l 
Moderate (at).. ..... wi danas wae 2 -_ ss 1 2 3 
ka SP CLA cay ones enee : 3 3 1 3 4 11 





* Each titration of fibrinolysin was made in triplicate, with three different subcultures 
and three different samples of presumably normal human fibrin. The maximal! serial dilution 
of a twenty-four hour broth culture giving complete liquefaction of the serum-free human 
fibrin clot by the end of two hours was assumed to contain 1 unit of fibrinolysin. The table 
records average titers, expressed in terms of the nearest routine serial dilution. Thus, all strains 
giving average titers between 200 and 300 units per cubie centimeter are grouped under the 
routine titer 256 units. 

+ The letters relate to the equations in the text, in which A represents superiority in pro- 
duction of symptoms, B superiority in production of fibrinolysin, and a and b, inferiority in 
these functions, respectively. 


conclusion of Dack and his co-workers that a high level of fibrinolysin 
plays a demonstrable role in determining complications in scarlet fever. 

Successful applications of this correlation have been reported by 
Jolly *° and her co-workers, of the University of Kentucky. Hemolytic 
streptococci were isolated from 4 persons who had been in contact with 
patients suffering from scarlet fever and were tested for their fibrino- 
lytic function. Three strains were nonfibrinolytic. The persons from 
whom these nonfibrinolytic strains were isolated did not subsequently 
have scarlet fever. One person yielded a strongly fibrinolytic strain 
and afterward came down with scarlet fever. Jolly’s conclusion is as 
follows: “If similar results can be obtained from a larger number of 
cases, the fibrinolysin test may prove to be more valuable than any 
other method which we have available at the present time for the detec- 
tion of significant contacts.” 





9. Yule, G. U.: An Introduction to the Theory of Statistics, ed. 9, Phila- 
delphia, J. B. Lippincott Company, 1927, p. 37. 
10. Jolly, E.; Weaver, R. H., and Schergo, M.: J. Infect. Dis. 61:217, 1937. 
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HUMAN VS. BOVINE STREPTOCOCCUS EPIDEMICUS 

Clinically suggestive results were also obtained by fibrinolytic titra- 
tion of 15 human and 10 bovine strains of Str. epidemicus. Ten of the 
strains were furnished by Dr. W. D. Frost, of the University of Wis- 
consin. Seven of the strains were supplied by Dr. Alice Evans, of the 
National Institute of Health. Eight strains were of local origin. In our 
hands 14 (93 per cent) of the 15 human strains were strongly lytic for 
human fibrin. Of the bovine strains, 8 (80 per cent) gave no demon- 
strable lysis with isolated human fibrin. 

These findings confirm data previously reported by Tillett,’ who 
tested 7 human and 36 bovine strains. All of his human strains (100 
per cent) were fibrinolytic, while 86.1 per cent of his bovine strains 
were not. 

These results suggest that the currently assumed dangers from milk- 
borne Str. epidemicus are perhaps exaggerated. 


SUMMARY AND CONCLUSION 

There is a close correlation between the fibrinolytic titer and the 
invasiveness of streptococci or the clinical severity of streptococcic 
infection. 

The fibrinolytic titer has been successfully applied to the detection 
of carriers of scarlatinal streptococci (or of significant contacts with 
scarlet fever) and in the differentiation of human and veterinary strains 
of Str. epidemicus. 

Additional statistical evidence is necessary, however, before a final 
clinical evaluation of the quantitative fibrinolytic test can be made. 





11. Tillett, W. S.: J. Bact. 29:111, 1935. 
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HEMOCHROMATOSIS 


REPORT OF THIRTY CASES IN WHICH THE DIAGNOSIS 
WAS MADE DURING LIFE 


HUGH R. BUTT, M.D. 
AND 
RUSSELL M. WILDER, M.D. 


ROCHESTER, MINN. 


In a paper on hemochromatosis Labbé and his associates,' reporting 
a case in which atrophy of the genitals and loss of hair accompanied 
the more usual symptoms of this disease, stated that failure to rec- 
ognize such atypical forms of the disorder explains the infrequency of 
this diagnosis and that in certain countries, like America, they con- 
sidered the disorder to be extremely rare.? This rather caustic remark 
impels us to publish a review of the thirty cases in which the diagnosis 
was made clinically at the Mayo Clinic in a period of fifteen and a half 
years, the diagnosis being supported in each instance by microchemical 
demonstration of iron in sections of skin removed at biopsy from sur- 
faces of the body not affected by stasis of blood. In the same period 
only two cases in which the diagnosis had not been made previously 
were discovered at necropsy. One of these two patients died a few 
months after examination at the clinic; the other patient died in uremic 
coma six days after registration. He had no pigmentation of the skin; 
diabetes mellitus was recognized clinically, but not the hemochromatosis. 

According to Sheldon (1935),° only three hundred and eleven 
authentic cases of hemochromatosis have been reported since Trousseau * 
first described this disorder, in 1865. Mallory, Parker and Nye *® found 
that hemosiderosis was associated with cirrhosis of the liver in sixty- 
six of the four thousand, five hundred and seven patients studied post 
mortem in twenty-five years at the Boston City Hospital. This rep- 


From the Division of Medicine, the Mayo Clinic. 

1. Labbé, M.; Boulin, R., and Uhry, P.: Bull. et mém. Soc. méd. d. hop. de 
Paris 50:1574, 1934. 

2. “C’est cette méconnaissance des formes frustes, les plus frequentes, qui 
explique que l’on porte rarement de ce diagnostic et que dans certains pays, comme 
l’Amérique, on considére cette affection comme rarissime.” 

3. Sheldon, J. H.: Haemochromatosis, London, Oxford University Press, 
1935. 


4. Trousseau, A., cited by Sheldon.* 
5. Mallory, F. B.; Parker, F. Jr.. and Nye, R. N.: J. M. Research 42:461, 
1921. 
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resents an incidence of 1.46 per cent, but it is doubtful whether all 
these cases represented cirrhosis secondary to hemosiderosis. Fifty 
of the sixty-six patients showed alcoholism. Probably not many cases 
of hemochromatosis with diabetes at the Mayo Clinic have escaped 
clinical recognition, because nearly all patients who have shown sugar in 
the urine have been referred to a group of physicians with special interest 
in diabetes who have been on the lookout for hemochromatosis. If this 
assumption is correct, the incidence of hemochromatosis with glycosuria 
(diabéte bronzé) has not exceeded 0.005 per cent of all patients 
registering. 
SYMPTOMS 

The symptoms of hemochromatosis usually are referable to bronzing 
of the skin, associated diabetes mellitus and cirrhosis of the liver. When 
this triad of abnormalities is well developed the syndrome is definite and 
nearly unmistakable. 

Pigmentation—A change in the color of the skin is not always 
present, cases having been reported by Telling ® in 1921 and by Orr? 
in 1930 in which there was no change. In our series only one patient 
was unpigmented. Although pigmentation itself is rarely cause enough 
for the patient to consult a physician, usually it is the first symptom 
to attract attention. It was the first symptom noted in twelve cases in 
our series; in five cases it was the second. 

The color of the skin often is described as being between the shade 
typical of melanosis of Addison’s disease and the slate gray of argyria. 
The pigmentation may appear early or late. In one case in our series 
it had existed for sixteen years, in ten cases for from one to five years 
and in one case for less than six months. Its distribution usually is 
general, although exposed areas of the skin are affected most and they 
alone may reveal the characteristic color (table 1). Mucous membranes 
may be affected. In one of our cases the hard palate was pigmented, 
and in another the gums were involved. This involvement of mucous 
membranes, and in some cases some of the general pigmentation, may 
be attributable to deposits of melanin secondary to involvement of the 
adrenal glands by hemosiderin, but no direct correlation has ever been 
demonstrated between the intensity of the pigmentation of the skin and 
the degree of involvement of the adrenal glands. 


Instances have been reported in which after insulin therapy, the 
pigmentation decreased (Althausen and Kerr,’ 1933; Slauck,® 1932; 


6. Telling, W. H. M.: Brit. M. J. 2:784, 1921. 

. Orr, J. W.: Lancet 1:1400, 1930. 

. Althausen, T. L., and Kerr, W. J.: Endocrinology 17:621, 1933. 
. Slauck: Klin. Wechnschr. 11:1540, 1932. 
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Barker,'® 1930). This was noted in two of our thirty cases. Lawrence ™ 
(1935) suggested that the fluctuation may depend on a varying amount 
of glycogen and water in the epidermal cells through which the pigment 
grains are seen. 

Diabetes Mellitus ——The diabetes may be mild and readily controlled 
by dietary measures; in the later stages of the disease, however, it 
often is severe and in some cases is unusually refractory to therapy. 
Eleven patients in our series had noted some symptom of diabetes at 
the onset of the disease, and this group and eight additional patients 
had had symptoms of diabetes for from six months to five years. Only 
nine patients complained at the time of entry of symptoms referable to 
diabetes (chart 1), but in twenty-six of the thirty patients laboratory 
methods demonstrated diabetes. Glycosuria was present in twenty-four 
of the patients, and in four of the six patients without glycosuria the 


TABLE 1.—Distribution and Character of Pigmentation 








Cases 
1. Generalized bronzing, but more on exposed partsS.............0.cccceweeeeeeees sensei “a 
CEE SURE GN MIMI NDicic soc scccccccc ced verse csscceescnevcecoscese 4 
8. Generalized slate-gray, but more on face, hard palate and genitals and in anal region 1 
rr Se COT IND a. onc c ce cecceececeseccaceedeecausveeeccerss ] 
BS. Tee GREE BIIOUNS OF PISMENEATION. ... 022.6 ccccccesscescccccccvccccccsccs ; a 1 
ie eee eh, «canes Caudoe pees 1 bebe besehs ECES CRG MERCE SER SS eobepee 1 


Total 





level of blood sugar in the morning before breakfast was higher than 
normal (table 2). 


W eakness.—Asthenia, other than what could be explained by the 
associated diabetes, was a frequent symptom (chart 1). This has been 
mentioned by several investigators (Telling, 1921; Sheldon, 1935), who 
likewise were unable to offer any explanation. Asthenia may persist 
for months or years before other evidence of the disease becomes 
apparent. In our series eight patients had had this symptom for from 
one to three years. 

Cirrhosis —The patient may consult a physician because of swelling 
of the abdomen, jaundice, epigastric pain, dyspnea or edema. Ascites 
is a later complication ; it occurred in only three of these thirty patients. 
Jaundice was not observed in our series, but Mills ** (1934) noted 


it in nine of seventeen patients. The probable explanation for the infre- 


10. Barker, L. F.: M. Clin. North America 14:177, 1930. 
11. Lawrence, R. D., cited by Sheldon.? 
12. Mills, E. S.: Arch. Int. Med. 34:292, 1934. 
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quency of ascites and jaundice in our patients is that the diagnosis was 
made earlier. “In spite of the severe degree of cirrhosis sometimes 
encountered, the tests of hepatic function often showed results within 


normal limits. 


Tas_eE 2.—Laboratory Data 








Hemoglobin, percentage 
Erythrocytes, POT CU. WM. 2....6ccccccesccccssccccoveses 
SG, WOE GBs MOR. onc vvccdcccccvestongesysesecce 
Blood dextrose, mg. per 100 CC. ...... 0. cc ececcscccecess 
pe eee ey ree ee Pe 
Carbon dioxide-combining power of plasma, vol. per 

BIOs os8es.cvictcrvovisinsse ccc vhabotevdeceeatmee 
Serum bilirubin, mg. per 100 ce. .............0eeeeeeeeee 
Blood cholesterol, mg. per 100 CC. ........... cece eee eee 
Serum protein, Gm. per 100 OF, .....:cccccccccccccvcccss 
Basal metabolic rate, percentage 
Blood iron (total), mg. per 100 ce. ..............-000eee 
Blood iron (total), mg. per 100 c¢.t...............0005- 
Blood iron (total), mg. per 100 ce.t................005. 


30 
30 
28 


12 


Average 
Value 
74.7 
3,990,000 
6,600 
230.2 
41.2 


54 
1.6 
207 
6.8 
—10 
40* 
38* 
43* 
Normal 


Highest 
Value 
94 
4,840,000 
10,200 
440 
76 


67 
4.2 


Lowest 
Value 
46 
2,960,000 
4,200 
85 
24 


39 


Normal, 15 cases; slight macrocytosis, 





8 cases 
Van Gon Beta TEGCtIOR.... . voces sccsccseccses 16 Indirect, 14 cases; direct, 2 cases 
Dye retention function test of liver.................++. 8 Retention: grade 1, 6 cases; grade 2, 
1 case; grade 4, 1 case 
ES iin o's is se wh idacoraisns idacesesckhagnael 6 Normal 
I ee re ee we 5 Normal, 2 cases; diabetic, 3 cases (not 
previously considered diabetic) 
Phenolsulfonphthalein function test of kidneys....... 4 Normal 
Urine: 
Piksinsrs 905:65 cess kawn ancess Ouse scedna aes 30 Present, 24 cases; absent, 6 cases 
NS. <. Ssa pe hots dents aeweah eaaietamenneen 7 Positive, 2 cases; negative, 5 cases 
Rs vi 0 itive rnntvetwddscaseet eens ieee ase” 2 Positive, 1 case (6 mg. in 1,800 cc.); 
negative, 1 case 
eis dens ocd k RAS KOR SaaS os chee neeekeesaeaee 1 Positive 
IN 5 i's vn ecewacdecu bbe cecs 3 Negative 
IN ccscvbenudes seadedbeveene 2 Negative 
ge fe ere 3t Negative 
Urobilin, bile and urobilinogen..................... 1 Positive 
* Single determination. 
t Determination made by Adolph Sachs (Sachs, A.; Levine, V. C., and Griffith, W. 0O.: 


Blood Iron and Copper in Hemochromatosis, Proc. Soc. 


1936). 


t One case each. 


Exper. Biol. & Med. 35 2332-335 [Dec.] 


The liver was enlarged in all but three of our thirty patients, but in 


only three was it greatly enlarged. It usually was firm and smooth, and 


except for the unusual size of the organ and its uniformity one might 
Visible collateral 


suspect its involvement with primary carcinoma. 
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blood vessels (caput medusae) were seen in only one of these patients. 
Enlargement of the liver had been present in one patient for seventeen 
years. 


Symptoms Attributable to Involvement of the Anterior Lobe of 
the Pituitary Gland—lIn a certain number of patients with hemochro- 
matosis there may occur impotence, loss of or change in the texture of 
the hair and skin, and atrophy of the testes. A number of instances of 
these disturbances have been reported (Althausen and Kerr,’* 1927 
and 1933; Labbé,’ 1934; Darnall,** 1935). Loss of body hair was 
observed in three of the patients of our series, and impotence was 
encountered in two and atrophy of the testes in one (chart 2). A deposit 
of hemosiderin in the testes and in the anterior lobe of the hypophysis is 
considered by most investigators as sufficient explanation for these 
abnormalities. 


Asthenia 


Symptoms 
UF diabetes 


Dyspnea 
Ascites 
Neuritis 
Pain in d 
abdomen 
Impotence 


Decreased 
vision 


Edema 








Diarrhea 


dias 





, a2 2 6.6 8 2 
Number of cases 


Fig. 1—Chief complaints of patients on entry. 


DIAGNOSIS 

The diagnosis of hemochromatosis is comparatively easy if the dis- 
ease is fully developed and well advanced; in its early stages, however, 
it offers difficulties. When only one factor of the triad of pigmentation, 
diabetes mellitus and hepatic cirrhosis is present, the danger of making 
an incorrect diagnosis is greatly increased, and the disease may escape 
consideration. 

In only two of the seventeen cases of hemochromatosis reported by 
Mills’? was the diagnosis made during life. Other writers likewise 
have commented on the infrequency with which the disease has been 
recognized during life. This can be explained only by inadequate obser- 
vation, because the pigmentation of the skin nearly always is present 
and this alone should attract attention and prompt further investigation. 





13. Althausen, T. L., and Kerr, W. J.: Endocrinology 11:377, 1927; footnote 8. 
14. Darnall, J. R.: Ann. Int. Med. 8:1121, 1935. 
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A biopsy of the skin that discloses the presence of iron in the propia 
of the sweat glands and about the capillaries of the upper part of the 
cutis is considered to be nearly diagnostic (Montgomery and O’Leary,”® 
1930). Hellier *° (1935), in a recent review, stated as his conclusion 
that pigmentation in hemochromatosis is the result of the occurrence of 
hemosiderin in the stratum Malpighii of the epidermis. He gave as 
his opinion that the melanosis which sometimes also is present is a mani- 
festation of dysfunction of the adrenal cortex, the result of a deposition 
of iron and consequent cirrhosis of the adrenal glands. 

Examination of the eyegrounds of the patients in our series did 
not reveal any of the peculiar retinal changes which Maddox and Durie %* 
(1933) described as characteristic of the disease. 


kin ; 
pigmentation 
Enlarged liver 
Enlarged spleen 











Ascites 
Enlarged heart 
Dry skin 
Loss of | 
body hair 
Lymphadenopathy 
Atrophy of testes 


Collateral vessels 
over abdomen 


Pigmented palate 





Pigmented gums 1 


0 24 6 8 1 12 14 16 18 20 22 24 26 28 30 
Number of cases 





Fig. 2.—Physical findings in cases of hemochromatosis. 


The literature reveals no characteristic changes in the blood pressure 
of patients with hemochromatosis, and this also was evidenced by our 
patients. The average blood pressure in millimeters of mercury was 119 
systolic and 73 diastolic, the highest being 180 systolic and 130 diastolic 
and the lowest being 80 systolic and 60 diastolic. 

In the differential diagnosis, argyria, Addison’s disease and diseases 
producing jaundice should be considered. Argyria is unlikely to be con- 
fused with hemochromatosis, since the history, course and pigmentation 


15. Montgomery, H., and O’Leary, P. A.: Arch. Dermat. & Syph. 21:970, 1930. 
16. Hellier, F. F.: Brit. J. Dermat. 47:1, 1935. 
17. Maddox, K., and Durie, E. B.: M. J. Australia 1:463, 1934. 
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of the skin are vastly different. Various diseases producing chronic 
jaundice should offer no obstacles in the differential diagnosis. Addison’s 
disease has most frequently been confused with hemochromatosis. For 
two of our thirty patients the diagnosis of Addison’s disease had been 
made elsewhere. However, the laboratory data and the distribution of 
the pigment should easily distinguish the two conditions, unless possibly 
sometimes, as a result of involvement of the adrenal glands by hemo- 
chromatosis, one disease comes to be superimposed on the other. 


TREATMENT 


Before the discovery of insulin the onset of diabetes mellitus in a 
patient with hemochromatosis was fatal in from twelve to eighteen 
months. In contrast, patients who have used insulin have lived as long 
as thirteen years after a diagnosis of hemochromatosis has been made. 


For about 90 per cent of the patients with diabetes, insulin and 
dietary measures offer effective therapy. A few patients have been 
reported on in whom acidosis occurred frequently in spite of insulin 
therapy, and a small percentage of patients have been “insulin resistant.” 
The cause of this resistance is not understood; suggested explanations 
have been that it results either from impairment of the power of the 
liver to regulate the metabolism of dextrose or from impairment of the 
function of the anterior lobe of the hypophysis. The latter is most 
unlikely, since depression of the activity of the anterior lobe of the 
hypophysis causes increased sensitivity to insulin. 


In our series, all twenty patients who required insulin received it. 
In eight cases the glycosuria was controlled by diet alone. One patient 
received epinephrine experimentally (before insulin was on the market), 
and one refused all treatment. The patient who was resistant to insulin, 
whose case was reported by Allan and Constam** in 1929, required 
1,000 units of insulin daily. In four cases up to or more than 100 units 
of insulin was administered daily. Unusually disturbing insulin reac- 
tions were encountered in four patients. 

Sheldon * (1935) says the average duration of life after hemo- 
chromatosis has been diagnosed is eighteen and a half months, but one of 
our patients has lived for thirteen years, two for nine years, one for 
eight years and one for seven years after the establishment of the 
diagnosis. Thirteen of the thirty patients in this series are known to be 
dead. For the group of patients now dead the average length of life 
after the diagnosis was made was one year and two months, the longest 
was thirteen years and the shortest was one month. Of the patients 
still living (seventeen), reports by letter have been received from all 


18. Allan, F. N., and Constam, J. R.: M. Clin. North America 12:1677, 1929. 
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but two, and recent reports have been received from ten. Two of these 
ten patients were examined in the past few months; both require insulin. 
Six of the remaining eight patients in this group are using insulin (more 
than 25 units daily), one is dieting but is not using insulin and one is 
not diabetic. One patient has frequent insulin reactions, is taking 
more than 180 units of insulin daily and is growing worse. For these 
eight patients, the average length of life since the diagnosis was made 
has been four years and eight months, the longest has been thirteen 
years and the shortest has been two years. 

The following abstract of the record of one of these patients is of 
special interest not only because the length of life after the diagnosis 
was made has been unusual but also because the diagnosis was confirmed 
by direct observation of the liver at the time of an operation for 


appendical abscess. 
REPORT OF A CASE 


The patient, aged 58 years, registered at the clinic on May 19, 1924. He com- 
plained of asthenia and the recent loss of 23 pounds (10.4 Kg.). Symptoms sug- 
gestive of diabetes had been present for five years, and marked polyuria and poly- 
dipsia had been present for six months. He appeared to be moderately emaciated ; 
he weighed 127 pounds (57.6 Kg.). The breath had an acetone odor, and the skin 
was bronzed. The edge of the liver extended 1 fingerbreadth below the costal 
margin; it was hard and rounded but not tender. The edge of the spleen also 
was palpable. The blood pressure in millimeters of mercury was 126 systolic and 
80 diastolic. Skin was removed for biopsy, and a large deposit of iron was 
demonstrated in the cutis. The first specimen of urine contained 7.06 per cent 
of reducing substance (dextrose) and traces of acetone and diacetic acid. Blood 
taken before breakfast contained 280 mg. of dextrose and 58 mg. of urea per 
hundred cubic centimeters. The value for the carbon dioxide-combining power of 
the plasma was 56 volumes per hundred cubic centimeters. The hemoglobin of the 
blood measured from 70 to 75 per cent, the erythrocytes numbered 5,160,000 and the 
leukocytes numbered 6,200 per cubic millimeter. A diagnosis of hemochromatosis 
was made, and treatment was directed at control of glycosuria by regulation of 
the diet and administration of insulin. 

The patient returned on June 1, 1926, complaining of pain that had been present 
in the lower part of the abdomen for five days. He had vomited once. The 
diagnosis was appendical abscess, and at operation, on June 4, the appendix was 
observed to be lying behind the cecum and to have ruptured posteriorly. The liver 
was inspected. It was cirrhotic and deeply pigmented. 

This patient has remained in an excellent condition of bodily and mental vigor 
up to the present (thirteen years after the diagnosis of hemochromatosis was made). 
He is a resident of Rochester, and we encounter him frequently. He refuses, 
because of his good health, to submit to medical examination. He takes 15 units 
of insulin daily, and with this small dose and by regulation of his diet his own tests 
of the urine for reducing substance show a negative reaction. 
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COM MENT 


The etiology of hemochromatosis is unknown, and as a result many 
theories have been offered in explanation. Most of these are based on 
the assumption that the excess pigment present originates from the 
hemoglobin of the blood, and while this assumption is open to and has 
received vigorous objections, it continues to enjoy some favor. One of 
the most popular theories is that of intoxication with copper, in which 
it is assumed that ingested copper destroys erythrocytes and thereby 
causes an excessive liberation of iron from hemoglobin (Mallory,?° 
1925). Many investigators have entertained the belief that abuse of 
alcohol is the most frequent precipitating cause of the disease (Althau- 
sen and Kerr, 1933; Creed,?° 1935); others (Mallory, 1925) have 
claimed that the harmful effect of alcoholic beverages is the result of 
the content of copper. However, Sheldon (1935) found a history of 
alcoholism in only 25 per cent of all the cases of hemochromatosis that 
had been reported, and of our series of thirty patients, sixteen were 
total abstainers, ten rarely took alcohol and four took moderate amounts. 
We are forced to conclude therefore that while the belief that alcohol 
as a factor precipitating this disease is based on attractive arguments, 
the evidence for it is equivocal, to say the least. 

The strong predilection of the disease for males, as has been repeat- 
edly observed by others, is evidenced in our series (table 3). There 
were twenty-nine men and only one woman. This peculiarity of partial 
sex limitation is as perplexing as the fact that the maximal number of 
cases occur in the decade between 45 and 55 years. This age period 
represents the ages of the patients at the time the diagnosis was made, 
but the average age of the patients in this series at the onset of the 
first definite symptoms referable to hemochromatosis was 46. In one 
patient the onset of symptoms was at the age of 10 years (enlargement 
of the liver), in another at 17 years and in four others between the 


ages of 30 and 39. 


The nationality or occupation of the patients in our series, with one 
exception, apparently was not related to any of the etiologic factors 
that have been suggested for this disease. One patient worked as a 
copper smelter and had been exposed to fumes of arsenic for several 
years. Large quantities of arsenic were found in the urine (table 2), 
and biopsy of the skin revealed not only the typical microscopic picture 
of arsenical pigmentation but that of hemochromatosis. This patient 
did not have diabetes. 


19. Mallory, F. B.: Am. J. Path. 1:117, 1925. 
20. Creed, J. P.: J. A. M. A. 105:1185, 1935. 
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In one case in our series (previously reported by Eusterman,** 
1928) the sister and brother of the patient were dark skinned, especially 
on the exposed surfaces of the body. In two other cases there was a 


family history of diabetes. 


TsaLe 3.—Summary of Cases of Hemochromatosis 














Age 
At At When Last 
Case Sex Diagnosis* Death Heard From Nationality Occupation 
1 M 27 31 -- American Salesman 
2 M 37 38 American Carpenter 
3 M 39 39 —- American Oil operator 
4 M 40 -- 45 American Salesman 
5 M 41 -- 50 American Coppersmith 
6 M 45 -- 47 Irish Railroad worker 
7 M 45 - — American Merchant 
8 M 45 45 -- Irish Merchant 
9 M 46 — 50 American Merchant 
10 F 47 49 German Clerk 
11 M 48 48 American Clerk 
12 M 49 - 57 American Merchant 
13 M 49 52 No record Railroad worker 
14 M 50 50 — No record Clerk 
15 M 52 52 - American Doctor 
16 M 52 52 -- Swedish Carpenter 
17 M 53 53 — Swedish Merchant 
18 M 53 53 — Swedish Lumberman 
19 M 54 66 _- Irish Laborer 
20 M 54 -- No record Railroad worker 
21 M 56 - 58 No record Showman 
22 M 57 - 60 No record Farmer 
23 M 57 — 60 No record Farmer 
24 M 58 58 - American Farmer 
25 M 58 - 65 American Railroad worker 
26 M 58 — 63 No record No record 
27 M 58 58 -- No record Salesman 
28 M 60 No record Merchant 
29 M 62 -— 64 No record Stone mason 
30 M 68 68 — No record Farmer 





* The average age at the time the diagnosis was made was 530.6 years. 


Many investigators (Critchlow,”* 1929; Dry,?* 1934; Wilder,?* 1933; 
Sheldon,** 1934 and 1935) have expressed the opinion that the depositing 
of iron is a process which greatly exceeds in duration the period during 


21. Eusterman, G. B.: M. Clin. North America 11:1371, 1928. 

22. Critchlow, G. R.: M. J. & Rec. 129:67, 1929. 

23. Dry, T. J.: Minnesota Med. 17:301, 1934. 

24. Wilder, R. M., in discussion on Dry, T. J.: Proc. Staff Meet., Mayo Clin. 
8:59, 1933. 

25. Sheldon, J. H.: Lancet 2:1031, 1934; footnote 3. 
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which the disease attracts attention clinically and that the disease prob- 
ably starts in infancy and represents an inborn error of metabolism, 
In this connection the experimental work of Taylor, Stiven and Reid 2¢ 
(1935) has been of interest, for it suggested that the idiopathic siderosis 
observed in cats is the result of malnutrition of the intestinal mucosa, 
which in turn leads to a too easy entrance of food iron into the body. 
The lesions in the intestinal mucosa apparently are the result of avita- 
minosis, because similar lesions can be produced in normal cats by 
feeding a diet deficient in vitamin A. This work has been confirmed 
in part by Justin-Besangon ** (1934). 

The effect of a deficiency of vitamin A on the various metabolic 
functions of the cells in the body has not been investigated completely 
but has been discussed by Jusatz ** (1933), von Euler *® (1935), Joyet- 
Lavergne *° (1935) and Bourne ** (1935). Perhaps in persons with 
hemochromatosis the intestinal mucosa is defective as a result of 
an insufficient supply of vitamin A during fetal growth. The same 
factor that allows the entrance of minute excessive amounts of iron 
might also affect the cellular metabolism of the entire body in such a 
manner that the iron would not be excreted from the cell or else would 
not be precipitated. Although -many other factors, not understood at 
present, are undoubtedly involved, this hypothesis suggested by the work 
of Taylor and his co-workers deserves further consideration. 


SUMMARY 


In a period of fifteen and a half years thirty patients with hemo- 
chromatosis for whom the diagnosis was supported by microchemical 
demonstration of iron in the skin have been observed at the Mayo Clinic, 
and the diagnosis has been made during life. Twenty-nine of the patients 
in this series were men, and only one was a woman. The average age 
at the onset of symptoms was 46, and that at the time of diagnosis was 
52. The ages of twenty-five of the patients were in the decade between 
45 and 55 years. Thirteen of the patients are known to be dead. One, 
however, has lived thirteen years, two nine years, one eight and one 
seven years, and the average time since the diagnosis was made in eight 
cases in which recent reports have been received is four years and eight 
months. Comparison of the length of life in these cases with that pre- 


26. Taylor, J.; Stiven, D., and Reid, E. W.: J. Path. & Bact. 41:397, 1935. 

27. Justin-Besancgon, L., in discussion on Labbé, Boulin and Uhry,' pp. 1576- 
1577. 

28. Jusatz, H. J.: Naturwissenschaften 21:800, 1933. 

29. von Euler, H.: Chem. Abstr. 29:2551, 1935. 

30. Joyet-Lavergne, P.: Protoplasma 23:50, 1935. 

31. Bourne, G.: Australian J. Exper. Biol. & M. Sc. 13:239, 1935. 
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viously reported for hemochromatosis indicates that satisfactory control 
of the diabetes, made possible with insulin, prolongs life. 

The symptoms of this disease are referable to pigmentation, diabetes 
and cirrhosis of the liver. Pigmentation was present in twenty-nine of 
the thirty patients. Asthenia, other than what can be explained by asso- 
ciated diabetes, is a frequent complaint. 


The cause of hemochromatosis remains an enigma. Certainly the 
occupations and alcoholic habits of the patients in this series do not 
suggest an etiology due to occupational factors or alcohol. The data 
that are available support the opinion that the disease takes many years 
to develop and that it represents an inborn error in cellular metabolism. 
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SYNOVIAL MEMBRANE AND FLUID IN 
RHEUMATOID ARTHRITIS 


EDWIN P. JORDAN, M.D. 


CHICAGO 


In the classic discussion of the pathology of “arthritis deformans,” 
by Nichols and Richardson,* which was based on a study of necropsy 
material, a differentiation was drawn between two types; in one the 
primary change was in the synovial membrane and in the other in the 
cartilage. They stated definitely, however, that the pathologic types did 
not correspond to definite etiologic entities. Since their report there 
have been numerous other studies, which have indicated that in the form 
of arthritis variously termed rheumatoid, infectious, atrophic or prolif- 
erative the primary lesion is in the synovial membrane. Thus Fisher ” 
stated : 


The synovial membrane and the villi are seen to be the sites of numerous 
aggregations of inflammatory cells of the small round type which often form 
rounded masses around the blood vessels. . . . In addition to the aggregations of 
small round cells there is an increase in number of the ordinary connective tissue 
cells, and also of the specialized connective tissue cells (synovial cells) which line 
the villi . . . Occasionally polymorphonuclear leukocytes may be observed in some 
of the more acute types together with extravasated red blood corpuscles. 


Allison and Ghormley * defined the characteristic changes in pro- 
liferative arthritis even more specifically : 

Histologically the tissues (of proliferative arthritis) show a definite picture, 
which is as clear cut as is that of tuberculosis, namely a proliferative change in 
the synovial membrane and marrow which is characterized by focal collections of 
lymphocytes. This microscopic picture will, we believe, be enough to establish the 
diagnosis of proliferative arthritis 


Young and MacMahon‘ seemed less certain of the specific nature 
of the histologic picture. Ina study of chronic proliferative arthritis in 
patients with rheumatic fever, they reached the conclusion that in the 
differentiation of these conditions “from a histological study of tissue 


This work was done in the Department of Medicine of the University of 


Chicago. 

1. Nichols, E. H., and Richardson, F. L.: J. M. Research 21:149, 1909. 

2. Fisher, A. G. T.: Chronic (Non-Tuberculous) Arthritis, New York, The 
Macmillan Company, 1929. 

3. Allison, N., and Ghormley, R. K.: Diagnosis in Joint Disease, Baltimore, 
William Wood & Company, 1931. 

4. Young, A. G., and MacMahon, H. E.: J. Bone & Joint Surg. 17:151, 1935. 
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from lesions that have definitely healed or have become chronic and 
progressive, the pathologist can offer little or no aid . . .” Keefer, 
Parker and Myers * and Parker and Keefer ° found that the lesions in the 
synovial membrane in rheumatoid arthritis could be differentiated from 
those resulting from infection of the joints with micro-organisms. 
Fisher * in a more recent study on this subject, based partly on synovial 
membrane obtained at the time of lavage of joints, described the 
membrane in a case of early rheumatoid arthritis of about two years’ 
duration. Sections of the synovial membrane removed in this case 
showed proliferation of the synovial villi and of the specialized synovial 
cells lining the villi. There was degeneration of the superficial cells 
in one or two spots, and in the deeper layers of the synovial membrane 
were several small focal collections of cells, which were in the main 
perivascular. The cells constituting the collections were lymphocytes and 
histiocytes and occasionally cells resembling the giant cells in the Aschoff 
nodule of rheumatic fever. An important feature was the complete 
absence of polymorphonuclear cells of the type conspicuous in arthritis 
associated with pyogenic organisms. Ghormley and Deacon * reported 
on sixty-three specimens, most of which were whole synovial membranes 
as a rule from knee joints. 





that had been obtained in synovectomies 
Also included were a small number of specimens that had been obtained 
for biopsy. They were impressed with the fact that the development 
of the focal collections of cells seemed to bear no relation to the duration 
of the disease; typical collections were seen in advanced as well as in 
early proliferative arthritis. No definite connection between the duration 
of symptoms and the stage of development of the focal collections could 
be found. They maintained that when the collections of lymphocytes 
were stained with Perdreau stain, it could be observed that these cells 
were not perivascular. They concluded that the observation seemed to 
show that “this is a specific reaction of these cells (small round cell) to 
an abnormal stimulus of some sort, probably chemical, and leaves much 
to be explained as to the actual under-lying causes of the condition.” 
Much of the work reported to date has been based on necropsy 
material or on material obtained in operations on joints with arthritis 
in relatively advanced stages. The studies reported in this paper were 
undertaken in an attempt to illustrate earlier as well as later stages of 
the pathologic process. For this purpose a definite effort was made to 
correlate the clinical with the pathologic stages so far as a particular 
joint was concerned. Most of the synovial membranes shown in the 


5. Keefer, C. S.; Parker, F., Jr.. and Myers, W. K.: Arch. Path. 18:199, 
1934. 

6. Parker, F., Jr., and Keefer, C. S.: Arch. Path. 20:507, 1935. 

7. Fisher, A. G. T.: Lancet 1:1162, 1937. 

8. Ghormley, R. K., and Deacon, A. E.: Am. J. Roentgenol. 35:740, 1936. 
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plates were obtained for biopsy, after the purely experimental purpose 
of the study had been carefully explained to the patients. It is interest- 
ing to note, moreover, that no results which could possibly be considered 
deleterious followed the removal of any of the specimens and that in 
two instances the patients felt, probably erroneously, that the procedure 
was valuable therapeutically. The cases to be reported are listed in the 
order which seems to correspond to the stages of the arthritic process. 
The sections were prepared by the paraffin method and stained by the 
hematoxylin-eosin and Giesma methods. 


REPORT OF CASES 

Case 1.—J. C., a youth 18 years of age, had acute stiffness in the toes follow- 
ing “influenza.” After a partial remission of several months, the wrists suddenly 
became swollen, stiff and painful, and gradually the involvement spread to the 
fingers, jaw, elbows, neck and feet. The patient lost 42 pounds (19 Kg.) in nine 
months. On admission to the hospital, about eight months after “influenza,” he 
weighed 108 pounds (49 Kg.). The pulse rate varied from 90 to 110, and the 
temperature, from 99 to 102 F. rectally. The involved joints were swollen, tender, 
painful on motion, stiff and hot. The spleen was palpable. There was a soft 
systolic blow over the heart. The urine was normal. The Wassermann and Kahn 
tests were negative. The red blood cell count was 3,600,000; the white cell count, 
8,000 (one month later, 18,700) ; the hemoglobin content, 65 per cent. The blood 
pressure was 100 systolic and 60 diastolic. 

About two and a half months after the onset of arthritic involvement of the 
right wrist,-a specimen was taken from this joint for biopsy. Only about 1 cc. 
of fluid could be obtained. The synovial membrane was purplish, thickened and 
lying in folds. There were several definitely pedunculated villi. Figure 1.4 shows 
a portion of the membrane magnified under low power. Figure 1B shows a 
portion of the membrane under higher power. The plasma cells are especially 
conspicuous, and a few eosinophils were observed. Subsequently the arthritis in 
this patient showed almost complete remission, lasting about three months, followed 
by acute generalized exacerbation, which in the succeeding year failed to respond 
favorably to any of the treatments instituted. 

Case 2.—R. D., a woman aged 23, began to have pain in the shoulder following 
“influenza” about the year 1929. The symptoms were relatively mild until after the 
birth of a child, in November 1930. A few weeks after her confinement the 
patient noticed that her joints were painful and swollen. The elbows, the wrists, 
several fingers and the knees were involved. The pulse rate varied around 120; 
the temperature, taken from the rectum, ranged from 101 to 102 F. The Wasser- 
mann and Kahn tests were negative. The red blood cell count was 3,880,000; the 
hemoglobin content, 45 per cent; the white cell count, 6,000. The urine was normal. 
The blood pressure was 124 systolic and 78 diastolic. 

Jan. 23, 1931, about a year after active involvement of the right knee, a 
specimen was taken from this joint for biopsy. Grossly, the synovial membrane 
appeared thickened and hemorrhagic. Figure 2 A shows a portion of the synovial 
membrane from the right knee, magnified under low power. Figure 2 B, a photo- 
micrograph taken under higher power, shows the hemorrhage and early fibroblastic 
reaction in greater detail. 
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Fig. 1 (case 1).—Synovial membrane from a wrist: A, reduced from X 125; 
B, reduced from x 500. In A an arrow shows the area taken for higher magnifica- 
: tion. In B an arrow shows an eosinophil. 
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Fig. 2 (case 2).—Synovial membrane from the right knee: A, reduced from 
< 14; B, reduced from X 240. In A an arrow shows the area taken for higher 
magnification. In B the lighter staining areas represent blood. The aggregations 


of cells seem largely perivascular. 











Fig. 3 (case 3).—Synovial membrane from the left knee: A, reduced from 
< 20; B, reduced from x 250. In A arrows show areas taken for higher magnifica- 
tion. In B note leukocytes inside a blood vessel and definite fibroblastic reaction. 
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Case 3.—E. D., a married woman aged 56, noted gradual development of arthritis 
without fever but with pain in both knees. Six months after the onset she had 
an acute infection of the upper respiratory tract, with spread and exacerbation of 
She lost 52 pounds (23.5 Kg.) in three years. She had 
treatments of many different kinds. Physical examination showed practically all 
the joints to be involved, with swelling, tenderness and local heat of many. The 
pulse rate varied from 80 to 100; the temperature, taken from the rectum, ranged 
from 98 to 101 F. The Wassermann and Kahn tests were negative. The red 
blood cell count was 4,280,000; the white cell count, 13,580; the hemoglobin content, 


the articular symptoms. 





Fig. 4 (case 3).—Synovial membrane from the left knee; reduced from x 850. 
The cellular reaction is largely leukocytic. 
The urine 


The blood pressure was 115 systolic and 70 diastolic. 


85 per cent. 
The basal metabolic rate was 


showed a few white blood cells in the sediment. 


3 plus. 

About three years after the onset of arthritic involvement of the left knee, a 
specimen was taken from this joint for biopsy. Before opening the joint cavity 
an aspirating needle was introduced and about 25 cc. of a dark-colored viscous fluid 


removed. The synovial membrane was thickened and villous. With the joint 
opened, pressure in the subpatellar region freed a mass of necrotic white material 
through the opening. 

Figure 3 A shows a portion of the synovial membrane magnified under relatively 


low power. The thickening of the membrane and villous nature are striking. The 
Figure 3B shows a 


tendency to form agglomerations of cells is noteworthy. 
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portion of A under higher power. The cells are largely lymphocytes and fibroblasts 
except those in the blood vessel, many of which are polymorphonuclear leukocytes. 
Plasma cells are numerous. Figure 4 shows another portion of the synovial 
membrane. The cells are principally polymorphonuclear leukocytes, and the section 
is in striking contrast to that shown in figure 3B, from the same membrane. 
It well illustrates the difficulty encountered in attempting to make an etiologic 
diagnosis from the histologic changes alone and does not support the contention 
of several other investigators. 

Case 4.—M. P., a married woman aged 29, stated that pain, swelling and stiff- 
ness began suddenly in the right ankle seven years before she was admitted to 
the hospital. The arthritis was preceded by no unusual conditions of which the 
patient was aware except an attack of tonsillitis four or five months before. 
The ankle had been involved off and on since that time. About three years later 
(four years before admission) the left knee became swollen and painful, and 
this condition had persisted most of the time since. All the joints ached in bad 
weather, and the patient occasionally had swelling of the elbows. Examination 
revealed swelling of the left knee, with slight stiffness and pain on motion. The 
left elbow could not be completely extended. The Wassermann and Kahn tests 
were negative. The red blood cell count was 4,120,000; the white cell count, 10,750; 
the hemoglobin content, 85 per cent. The blood pressure was 130 systolic and 
80 diastolic. The urine was normal. 

About four years after the onset of arthritic involvement of the left knee a 
specimen was removed from this joint for biopsy. About 45 cc. of a greenish 
yellow, slightly turbid viscous fluid was removed. The synovial membrane was 
thickened and purplish. A portion of the synovial membrane was removed for 
microscopic study. 

Figure 5 A is a low power photomicrograph of some of the synovial membrane. 
On comparison with some of the previous sections there is a decrease in cellular 
reaction, though the synovial membrane is definitely thickened. The densely stain- 
ing areas are rather sharply demarcated. Figure 5B shows a portion of the 
synovial surface under higher power. The densely staining areas, possibly calcium 
deposits, the increase in the number of blood vessels, and the fibroblastic reaction 
should be noted. 

Case 5.—M. B., a widow aged 52, noted gradually increasing swelling, stiffness 
and pain in the feet, soon followed by swelling of the left knee. The onset of this 
condition was preceded by a somewhat unusual experience with scrubbing the floor. 
Transitory pains were experienced in the hands and left hip, but for the past one and 
a half years the left knee only had remained constantly swollen and painful. 
Physical examination revealed no serious abnormalities other than stiffness, swell- 
ing, tenderness and pain of the left knee. There was questionable slight local 
heat over the joint. No change in the knee had been noted for nearly two years. 
The Wassermann and Kahn tests were negative. The red blood cell count was 
4,500,000 ; the white cell count, 7,000; the hemoglobin content, 80 per cent. The 
urine was normal. 

About two years after the onset of arthritic swelling of the left knee arthreplasty 
was performed on this joint. The synovial lining was found thickened and purplish, 
with small folds extending between the articular surfaces. The cartilage was 
well preserved except for some beginning calcareous deposits around the edges. 


A specimen of the synovial membrane was taken for examination. 
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| i} . . . - - 
Bt magnification. In B note aggregations of cells around some but not all of numerous 
. 
1 | blood vessels. 
1, 
| 
mi 
et | 
BS 
i 
k i 
a) 
ai 
& 
f 
fb 














JORDAN—RHEUMATOID ARTHRITIS 283 











OA ADIOS is 








Fig. 6 (case 5).—-Synovial membrane from the left knee: A, reduced from 
x 20; B, reduced from 250. In A an arrow shows the area taken for higher 
magnification. B shows principally small round cells. 
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Figure 6 A shows the synovial membrane, in which the outstanding character- 
istics are subsynovial agglomerations of cells. There is a moderate amount of 
diffuse cellular infiltration but nothing to indicate such an acute inflammatory 
reaction as was found in the previous cases. Figure 6 B shows a high power mag- 
nification of one of the agglomerations of cells shown in A. The cells are largely 
of the small round cell and plasma cell types. There is only a little cellular 
infiltration just outside the “nodule,” but there is considerable fibrosis. 


CAsE 6.—E. F., an unmarried woman aged 23, suddenly experienced stiff neck. 
The only occurrence of possible significance preceding this event was an infection 
of her thumb about one month before. Shortly after the occurrence of stiff neck, 
practically all the joints became involved with stiffness, pain, redness and slight 
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Fig. 7 (case 6).—Synovial membrane from the right knee; reduced from 13. 
It shows complete fibrous replacement of the synovial membrane. 


swelling. About two years later she was admitted to the hospital. Examination 
revealed a slender white woman who was unable to stand, walk or use her joints 
to any great extent. The fingers, wrists, elbows, shoulders, knees, ankles, jaws 
and feet were especially involved. Motion, when possible at all, was limited in 
range and painful. There was some thickening of the capsule, but no local heat 
was palpable. There were some coarse moist rales over the base of the left lung. 
The Wassermann test was 3 plus on one occasion and 4 plus on another. The 
Kahn test was negative once and 1 plus once. The red blood cell count was 
3,920,000; the white cell count, 2,300; the hemoglobin content, 80 per cent. There 
was albumin in the urine (3 plus), with a few hyaline casts. While in the hospital 
the patient contracted bronchopneumonia, due to the type IV pneumococcus, pleurisy 
and endocarditis and died. 
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A necropsy was performed. Observations other than those on the joints will 
be omitted. The only joint opened was the right knee. The patella was bound to 
the surface of the distal end of the femur by dense fibrous adhesions. The articular 
cartilage and bone were eroded. On the articular surface of the tibia were several 
petechial hemorrhages. A large section of the knee joint was taken for histologic 
examination. 

Figure 7 shows the section removed from this joint, magnified under low power. 
Inflammatory cellular reaction is completely absent. Strands of fibrous tissue 
have entirely replaced the normal synovial membrane and presumably the panus 
that formed later. 

THE SYNOVIAL FLUID 

It was not possible in all instances to obtain sufficient synovial fluid 

for all of the desirable tests. In practically all instances, however, fluid 


Data on Synovial Fiuid 








Case 3 
| -_ A = —_ ees ——— 
Case 2 (1) (2) (Blood) Case 4 Case 5 

Cell count...... eae 8,400 4,400 sens goed 4,000 
Differential count 

Polymorphonuclears. . 76.2 fase eves — 61 

Lymphocytes......... 22 Fae baie wai 22.5 

Tissue mast cells....... 1.8 eose 

Eosinophils.... bee ees “er Fe ove 12.5 
Dextrose, mg. per 100 ce. 17 37 47 86 76 53 
Wassermann test........ Anticom Not satis- add Negative Not satis- 

plementary factory factory 

Total nitrogen, Gm. per 

Ditietlisbeopsétedeate 1.82 7.14 7.8 11.0 6.74 
Total protein............ * 4.26 4.72 6.65 4.12 
Nonprotein nitrogen - 0.30 0.27 0.35 0.14 
Cinndeevies <Measvse 7.27 
Urie acid.......... sting 2.37 2.4 1.7 41 
Phosphates........... : cae 4.3 _— “fee 4.0 


for culturing was transferred to those liquid and solid mediums which 
have been supposed to be best adapted for growth of the organisms 
commonly reported. In no instances were the results positive. The 
accompanying table records the other observations on the synovial fluid. 
These are, however, too fragmentary to warrant drawing any conclusions. 
The most interesting observation relates to the comparative levels of 
dextrose. 


SPECIFICITY OF RHEUMATOID SYNOVITIS 


As has already been noted, most students believe that the reaction in 
the joint membranes in rheumatoid arthritis of unknown etiology is 
either specific or allergic. This may be questioned from the work of 














Fig. 8—Synovial membrane of a rabbit: A, reduced from x 125; B, reduced 
from < 600. The section was obtained three months after intra-articular injection 
of turpentine. In A an arrow shows the area taken for higher magnification. In 
B note similarity to the agglomeration shown in figure 6 B. 
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Key,® and I have referred to it in another paper.’® In this connection, 
it seems well to reproduce the sections which cause me to question this 
specificity. 

An experiment was made on a number of snuffles-free rabbits. One 
cubic centimeter of xylene (which contains a benzene ring but no 
protein) was injected into one knee joint and 1 cc. of turpentine (a more 
complicated mixture but believed to contain no protein) into the other. 
Some of the animals were treated in this manner once and some twice. 
The animals were put to death at varying periods following the injec- 
tions. A piece of the synovial membrane (always taken from the same 
point just below the patella) was immediatedy removed and fixed in 
Zenker’s solution (prepared with acetic acid). After the specimen had 
been fixed and sectioned, the sections were stained by the Giesma method 
and examined. There was considerable variation in the amount and 
character of synovial inflammation produced by these irritants, though 
relatively little as between the two kinds. Areas have been chosen (fig. 
8) in which the changes seem to conform with the synovial changes 
seen in man, at least as closely as other forms of experimental articular 
lesions. In comparing human synovial tissues in various stages of 
arthritis with the chemically produced rabbit synovitis, a striking sim- 
ilarity is observed. 

COMMENT 

No questions in regard to the pathology of rheumatoid arthritis can 
be finally answered by this study. It seems apparent, however, that the 
disease is one of many stages and that the criteria of synovial change 
vary with the degree and duration of inflammation. Indeed, in the 
later stages inflammatory changes may be wholly absent. It is difficult 
to transmit by way of photomicrographs the impression obtained by 
studying microscopic sections. It is nevertheless hoped that two 
characteristic changes can be noted. As the disease progresses into 
chronicity the agglomerations of round cells increase in number and 
appear more circumscribed. Associated with this increase is an apparent 
decrease in the diffuse cellular infiltration of the synovial membrane— 
at least in the neighborhood of the agglomerations. 

The second conspicuous change is the constant increase in fibrous 
tissue, which begins very early and in the final stage completely replaces 
the inflammatory tissue. 

As a result of these studies a tentative picture of the course of 
rheumatoid arthritis is suggested. The initial reaction in the synovial 
membrane is an inflammatory one, which for reasons unknown is 


9. Key, J. A.: J. Bone & Joint Surg. 15:67, 1933. 
10. Jordan, E. P.: J. Lab. & Clin. Med. 22:6, 1936. 
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characterized by a cellular response, composed largely of plasma cells 
with small numbers of eosinophils, small round cells and leukocytes. In 
this stage and in others, while the reaction is active, the dextrose in the 
synovial fluid seems to be proportionately decreased. As the process 
becomes older, signs of resistance and healing begin to appear. It is 
suggested that the agglomerations of cells are indicative of resistance 
and may represent some kind of walling-off of the causative agent. 
Healing by fibrosis is conspicuous from early stages, even though it 
sometimes goes too far. If this conception is correct, the inflammatory 
reaction may become relatively quiescent either by increase in the 
resistance of the tissues (as in fig. 64) or by complete replacement 
of inflammatory cells by fibrous tissue. 

The experimentally produced synovitis in rabbits indicates the 
necessity for great conservatism in the adoption of any etiologic 
hypothesis based on the similarity of synovial lesions. Furthermore, 
the observations lend some support to the hypothesis that the aggrega- 
tions of cells reflect a stage of relative resistance. In the animals in 
which these focal collections were found, the chemical irritation had 
been applied some time before the synovial specimens were obtained. 


SUMMARY 

A very early stage of synovitis (case 1) has been described. In this 
stage round cells were present, but plasma cells were especially 
conspicuous, and there was a fairly large number of eosinophils. 
Agglomerations of cells were not seen. 

Agglomerations of cells were also absent in figures 4 and 7. There- 
fore, such focal collections cannot be considered characteristic of the 
disease entity known as rheumatoid arthritis except in a special stage. 

In one and the same joint, round cells, plasma cells and fibroblasts 
were present almost to the exclusion of leukocytes, while in another 
leukocytes were present almost exclusively (figs. 3A, 3B and 4). 

Fibroblastic metaplasia is present very early in the pathologic process. 
The fibroblastic reaction seems to increase in proportion to the severity 
and duration of the process. 

The synovial fluid was sterile by the ordinary methods of culturing. 
The low levels of synovial dextrose commonly observed are matters for 
further study, especially in connection with their possible relation to 
the activity of the arthritic process. 

The injection of chemical irritants into the joint cavities of rabbits 
produces pathologic lesions in the synovial membrane of these animals 
which are practically indistinguishable from certain stages of those 
found in human rheumatoid arthritis. 
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GUILLAIN-BARRE SYNDROME AND RELATED CON- 
DITIONS (MENINGORADICULOMYELITIS AND 
MENINGOMYELO-ENCEPHALITIS) 


PETER BASSOE, M.D. 


CHICAGO 


The cumbersone title is chosen deliberately, for I propose to discuss 
a group of apparently incongruous cases. This group is largely made 
up of the discards or residue after removing from the class of acute 
and subacute infections of the nervous system the recognized entities, 
such as ordinary postinfection multiple neuritis, anterior poliomyelitis, 
lethargic encephalitis and the demyelinating forms of encephalitis and 
myelitis. During and soon after the world war reports of “new” types 
appeared with new terms, such as the Guillain-Barré syndrome, neuro- 
nitis, radiculoneuritis, radiculitis, acute febrile polyneuritis, polyradicu- 
loneuritis, meningoradiculoneuritis and myeloradiculitis. The modest 
communication by Guillain, Barré and Strohl? in 1916 attracted little 
attention at first, but it has become recognized as presenting the kernel 
which embodies the chief common features of this apparently chaotic 
group. I shall quote a part of the original description. 


A syndrome characterized by motor disturbances, loss of tendon jerks, with 
preservation of cutaneous reflexes, paresthesias with slight disturbance of objective 
sensibility, tenderness on pressure of the muscles, little change in the electrical 
reactions of the nerves or muscles, and noteworthy hyperalbuminosis of the cerebro- 
spinal fluid in the absence of cytologic reaction. This syndrome seems to us to 
result from a concomitant attack on the spinal roots, nerves and muscles, probably 
by an infectious or toxic agent. . . . The prognosis does not appear to be 
extremely serious, if we may judge from the course of the disease in our two 
patients ; the first had almost recovered, and the second was improving when they 
were discharged from the army. 


The salient features—onset suggestive of an infection; more or less 
paralysis, pain and other sensory disturbance; high protein value and 
low cell count of the spinal fluid, and good prognosis—are characteristic 
of the whole group. Several observers have suggested that those who 
have studied this group may be dealing with a polymorphic disease due 
to a specific ultravirus (Margulis; Raymond Meyer; Guillain; von 


1. Guillain, G.; Barré, J. A., and Strohl, A.: Bull. et mém. Soc. méd. d. hop. 
de Paris 40:841, 1916. For a complete and up-to-date discussion, see Guillain, G.: 
Arch. Neurol. & Psychiat. 36:975, 1936. 
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Santha). Since it is the rule that the patient recovers, there have been 
few necropsies. As might be expected, the abundant material of the 
Mayo Clinic has furnished both clinical and anatomic data. Under 
the title “Polyneuritis (Special Group Neuronitis),” without naming the 
syndrome under discussion, Gilpin, Moersch and Kernohan? related 
the histories of thirty-five cases, with three necropsies, which clearly 
belong in this group. There was usually at first a mild infection, followed 
after a latent period of days or months by a rather sudden onset of 
weakness or paresthesia in the extremities. Facial paralysis was present 
in 35 per cent of the cases; choked disk, in three cases. The protein 
content of the spinal fluid ranged from 100 to 800 mg. per hundred cubic 
centimeters, while the average cell count was 12. In the three patients 
who died necropsy revealed degenerative changes limited to the periph- 
eral nerves except for slight changes in the spinal cord in one case. 
Edema of the nerve bundles was a striking feature. The other patients 
recovered in from six months to two years. 

Facial diplegia and choked disk have been noted by many other 
observers, also partial spinal block. Since the publication of Guillain’s 
article in 1936, there have been at least three noteworthy contributions 
in the German language. Fé:myes and Gottche * related the histories of 
two cases. They do not consider the syndrome as a clinical entity but as 
polyneuritis with involvement of the nerve roots. From Brouwer’s clinic 
in Amsterdam, Biemond * contributed a thorough study with a long and 
significant title: “On Meningoradiculoneuritis (Guillain-Barré) and 
Meningomyelo-Encephalitis, Considered as Diseases in Which the Patho- 
genic Agent Primarily Attacks the Meningeal Space.” Griinwald °® 
described a case in which the syndrome included paraplegia, urinary 
retention, partial spinal block and great increase in protein. lodized 
poppy-seed oil 40 per cent was partly arrested in the midthoracic region 
and “in such a manner as to indicate involvement of the arachnoid.” 

I shall report three cases, all with a much more varied and alarming 
clinical picture than the Guillain-Barré syndrome but all with an onset 
suggestive of an infection, with a high level of protein in the spinal fluid 
and a favorable outcome. 

CASE 1 
A business man 38 years old was first seen June 21, 1929. His father had been 


a “heavy drinker” and died of dementia paralytica in an institution for patients 
with mental disorders. He gave a history of typhoid fever and scarlet fever in 


2. Gilpin, S. F.; Moersch, F. P., and Kernohan, J. W.: Arch. Neurol. & 
Psychiat. 35:937, 1936. 

3. Fényes, I., and Géttche, O.: Deutsche Ztschr. f. Nervenh. 141:49, 1936. 

4. Biemond, A.: Deutsche Ztschr. f. Nervenh. 143:172, 1937. 

5. Griinwald, K.: Nervenarzt 10:305, 1937. 
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childhood, of pneumonia and nephritis at 17 and, in the line of venereal disease, 
only of “warts” on the glans at 20. In 1925 he complained of pruritus ani, was 
told that the Wassermann test was positive and was given several injections of 
arsphenamine. In May 1929 he noted cramping of the toes, later also of the legs, 
with soreness of the muscles. Soon he experienced, in addition, a “drawing sensa- 
tion” and numbness of the hands, as well as momentary dizziness when rising 
suddenly from a reclining position. The tonsils had been removed three weeks 
before my examination. He had lost 12 pounds (5.4 Kg.) in six weeks. 

Examination revealed normal pupils and disks. There was no involvement 
of cranial nerves. The Romberg sign was positive, and there was marked ataxia 
in the finger to nose and heel to knee tests. The wrist, elbow and knee reflexes 
were slightly weak, the ankle reflexes very weak, the plantar and abdominal 
reflexes normal. Tactile, pain and vibratory sensations were diminished in the 
lower parts of both legs. The Wassermann test was negative with both blood 
and spinal fluid. The spinal fluid cell count was 4; the Nonne test, ++; the 
Lange curve, 0000012210; the protein, 310 mg., and the sugar, 100.6 mg., per 
hundred cubic centimeters. There was moderate anemia. The content of the 
stomach showed the presence of free hydrochloric acid. The legs and hands 
gradually grew weaker, and when the patient was seen again, August 12, he was 
unable to stand or walk; he could not raise his heels from the bed more than an 
inch or two, but he could draw the knees up. He could not raise himself from a 
recumbent to a sitting position, and during the attempt the umbilicus did not move. 
Shoulder and elbow movements were fair except flexion of the left elbow. Wrist 
and finger movements were weak, and he could not oppose the thumb to the little 
finger. The sensory loss now extended to the knees. There was no disturbance 
of sphincters at any time. Another lumbar puncture was made August 13. The 
pressure of the spinal fluid was low, and there was only a slight rise on jugular 
compression, an observation indicating partial block. The Wassermann test was 
again negative; the cell count, 12; the Nonne test, strongly positive; the Lange 
curve, 0011233221; the protein, 428.4 mg., and the sugar, 84.2 mg. Roentgenograms 
of the cervical spine showed no abnormality. 

On account of the increasing paralysis and partial block, cervical laminectomy 
was advised and done by Dr. Loyal Davis August 19. No tumor was found; the 
cord was not enlarged, but there were numerous large and tortuous vessels over 
iis posterior surface. The cord pulsated normally. The meninges were normal 
in appearance and not adherent. There was little change during the first months 
after the operation, but when the patient was visited at his home October 12 he 
could walk on crutches and feed himself. The ankle reflexes were absent; the 
knee, elbow and wrist reflexes were present but weak; the plantar and abdominal 
reflexes were normal. The toe and ankle movements were still very poor, and the 
finger movements were poor, especially in the right hand, but the proximal muscles 
in all four extremities were good. The leg muscles were tender, and there was 
considerable atrophy in the distal parts of all extremities. 

The clinical picture had become that of ordinary multiple neuritis. Improve- 
ment was rapid. When seen in January 1930 the patient walked well, but dorsal 
extension of the feet was still poor. The ankle reflexes did not return until 1934, 
and the patient did not walk well on the heels until 1936. He is now perfectly well. 


The patient may have had either inherited or acquired syphilis, but 
it is difficult to believe that syphilis played any part in the illness 
described here, as the serologic tests for syphilis were negative at the 
time, and the patient recovered without antisyphilitic treatment. 
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CASE 2 


A girl 3%4 years old, previously well aside from a few severe colds and slight 
spinal curvature, was admitted to the pediatric service of Dr. Clifford G. Grulee 
in the Presbyterian Hospital April 9, 1936. For a month she had been rather 
weak; for about two weeks she had dragged the right leg a little and had com- 
plained of pain in the abdomen and in the head. Two days before admittance 
she contracted a “cold,” and April 8 her temperature was 103.5 F. A positive 
reaction to tuberculin had been obtained a few weeks before admittance. On 
admittance there was some redness about the tonsils and there were some enlarged 
cervical glands, but the lungs, heart and abdomen appeared to be normal. The 
temperature was 102.5 F.; the pulse rate, 100; the respiration rate, 24. The next 
day the temperature ranged from 101.4 to 104.2 F. 

Neurologic examination April 10 showed a child who was conscious but 
unresponsive. The neck was rigid. The pupils were normal. No definite paralysis 
could be determined, as the child was peevish and utterly uncooperative. The 
knee reflexes were about normal; the right ankle reflex was stronger than the left; 
the abdominal reflexes were not obtained (the child was crying). There was a 
plantar flexor response on the left; on the right there was no response. 

A lumbar puncture was made with the child crying and struggling, so the 
Queckenstedt test was unsatisfactory. The pressure was from 100 to 150 mm. 
After withdrawal of 10 cc., neither crying nor jugular compression produced a 
rise in pressure, The fluid was clear and yellow; the cell count, 3. The Ross- 
Jones test was strongly positive; the total protein was 6,660 mg. per hundred cubic 
centimeters ; the sugar, 34.2 mg. Another puncture April 13 yielded more definite 
evidence of block. The Wassermann test was negative; the cell count, 9; the 
protein, 2,080 mg. April 30 a cisternal puncture yielded a clear colorless fluid 
with a cell count of 4; the protein was 25 mg. and the sugar 64 mg. <A lumbar 
puncture showed a block; the pressure was 150 mm.; the fluid was yellow; the 
cell count, 5; the protein, 2,000 mg., and the sugar, 50 mg. 

Ophthalmoscopic examination April 10 revealed very slight papilledema. I 
April 13 this was definite on both sides. 

A ventricular puncture (posterior horn) was made on the right side April 14, 
and only a few drops of bloody fluid was obtained; another was made on the 
left side April 15, and no fluid was obtained. 

From April 10 to 18 the morning temperature ranged from 98 to 99.6 F., and 
the evening temperature from 104.2 to 105.8; the pulse rate was usually from 110 
to 140, and the respirations, from 24 to 26. From April 18 to May 8 (the day 
that iodized poppyseed oil was injected) it reached 105.2 F., and it reached 104 or 
103 F. every day until May 22. Then it was not above 100 until May 30, when 
it reached 103, and May 31, when it reached 102.4. During June, July and August 
it was between 99 and 100 except for a rise to 103.2 June 14. The same tem- 
perature was maintained during the rest of the year, with a rise to 103.4 October 
20 and to 104 December 14, probably from infection of the urinary tract. The 
previous fever was probably also mainly due to such infection. 

April 11 there was bilateral drop foot, and the knee reflexes and the right 
ankle reflex were absent, while the left ankle reflex was weak. April 15 the left 
arm was flaccid and could not be moved spontaneously but gave a little response 
to pinpricks. The left leg could not be moved. All tendon reflexes and the 
plantar reflex were absent. The neck was always rigid. April 24 the wrist and 
elbow reflexes were exaggerated. The ankle reflexes were obtained, but the knee 
The legs were put into casts to prevent deformity. 
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reflexes were still absent. 


May 2 the right disk was less swollen; the left was about the same. May 8 there was 
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some power in the hips and knees; more at the ankles. Apparently there was 
some improvement. The knee, ankle and plantar reflexes were not obtained. Iodized 
oil was injected into the cisterna magna. In roentgenograms a body of this oil was 
disclosed in the upper part of the cervical canal. Its lower margin was two pronged 
as if it partly passed around some obstruction at about the level of the second 
cervical vertebra. A roentgenogram taken the next day showed no further 
progress downward, but some of the oil had passed upward to the floor of the 
skull. May 22 the right knee reflex was present; the stiffness of the neck was 
only slight; there was no Kernig sign; there was slight power at the left ankle. 
May 29 the child moved her arms well. The right knee reflex was brisk; the left 
was absent. June 9 she moved her legs better but chiefly at the hips. The knee 
and ankle reflexes were absent. There was marked atrophy of both legs below 
the knees. September 17 she could hold her legs up and sit without support. 
There was more power at the hips and knees than at the ankles. The Kernig 
sign was absent, but the neck was still stiff. The knee and ankle reflexes were 
brisk; the plantar, normal. October 1 there was bilateral ankle clonus. 

November 2 a lumbar puncture was made. The pressure, which was 110 mm., 
rose to 200 mm. on jugular compression, then fell slowly. After removal of 
5 cc., the flow practically stopped, and only a few drops came on jugular com- 
pression. The fluid was yellow. It contained no cells. The Ross-Jones test was 
strongly positive. The Lange curve was 0001222233. The protein was 2,502 mg.; 
the sugar, 53.3 mg. 

November 6 there was bilateral ankle clonus, with a Babinski sign on the right 
and spastic foot drop. November 20 the neck was less stiff. The patient could hold 
her arms and legs up, the right leg better than the left. A bilateral Babinski sign 
and ankle clonus were present. 

December 18 the left eye showed convergent stabismus. There was still 
bilateral papilledema of from 1 to 1.5 diopters. No exudate, hemorrhage or 
vascular change was noted. 

Jan. 7, 1937, the feet were still inverted and extended, but the power at the 
ankles was good. The ankle clonus and the Babinski sign were no longer obtained. 
There was marked atrophy of the leg muscles. There was still much limitation 
of neck movement. 

As regards the fate of the iodized oil, the following note was made May 14, 
1936: “The oil now lies at the base of the brain. There is practically none in the 
spinal canal.” Another roentgenogram was taken May 29 (figure), with the 
same finding. September 10 there was a rather large accumulation of the oil 
in the cistern, also some in the soft tissues at the base of the skull. November 4 
the finding was the same. 

The child was taken home Jan. 13, 1937. She continued to improve. When 
visited at her home July 24 she was found playing on the street with other chil- 
dren, running and walking well, though there was slight stiffness of the legs. There 
was slight stiffness of the neck, as well as marked stiffness of the back, in addition 
to the old scoliosis. The right pupil was larger than the left; both reacted to 
light. The left eye usually turned in but could be turned outward. The right 
disk was normal; the left was not seen well (the child was cross). The wrist 
and elbow reflexes were normal; the knee reflexes increased without clonus. The 
abdominal reflexes were not obtained; bilateral ankle clonus and a Babinski sign 
on the right were present; the left plantar reflex was normal. 


At first it was feared that this child had high cervical Pott’s disease 
and localized tuberculosis of the meninges, perhaps also invasion of the 
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cord and cerebellum. Extradural abscess was also considered. Particu- 
larly puzzling were the failure to obtain fluid from the ventricles, the 
choked disks, and the prolonged high fever. Infection of the urinary 
tract probably was an important factor in producing the fever. Laminec- 
tomy was considered but fortunately not done. Whatever the morbid 














Roentgenogram in case 2, showing the fate of iodized oil injected into the 
cisterna magna three weeks previously. 


process was, it was reversible and associated with an extraordinary 


increase in the protein of the spinal fluid. 


CASE 3 
A married woman 46 years old came to the Presbyterian Hospital March 10, 


1937, stating that she had been well until six weeks previously. She then 
experienced pain on the left side of the lower part of the back and abdomen, 
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associated almost from the beginning with a sensation of numbness in the same 
area. For a week there was some lack of power in the right hand. Later there 
was considerable pain in the left leg for about a week, followed by numbness in the 
left hand and, four days before admittance, by severe left-sided headache and 
weakness of the facial muscles on the left. 

On admittance the patient was mentally clear but anxious and worried. The 
positive findings were: left facial palsy with inability to close the eye; some 
muscular weakness throughout the whole left side of the body; partial left hemianes- 
thesia, including the face, and absence of the tendon reflexes except the left knee 
reflex. A lumbar puncture showed no block; the fluid was clear. The Wassermann 
test with blood and spinal fluid was negative. The fluid contained 40 cells. The 
Ross-Jones test was positive. The Lange curve was 0001211000. The protein was 
131 and the sugar 50 mg. per hundred cubic centimeters. 

March 13 there were bilateral facial paralysis, apparently with loss of taste, 
much headache and no relief from intravenous injection of dextrose. There was 
some slurring of speech. March 16 roentgenograms of the head and gastro-intestinal 
tract showed nothing of importance. There was no free hydrochloric acid in the 
stomach. Anorexia and vomiting were noted. March 23 there was diplopia, with 
blurred vision. 

March 29 a spinal puncture was made. The initial pressure of the fluid was 
170 mm.; it rose to 180 mm. on jugular compression, and ten. seconds later it 
was 185 mm. The fluid contained 10 cells. The Ross-Jones test was positive. 
The Lange curve was 1112222111. The protein was 100 and the sugar 60 mg. 

During the first week the temperature did not exceed 99.8 F.; the average 
pulse rate was 100. March 20 the temperature was 100.8 F.: March 21, 101.6. 
It remained close to 101 until April 21 and then gradually declined. The leukocyte 
count on admittance was 6,050 and never exceeded 9,300 until April 30, when it 
was 15,400. 

April 1 the patient was confused and disoriented. Within a few days she began 
to have painful delusions; she thought her children were being killed. April 28 
she was mentally clear and said that she “all of a sudden felt herself again.” She 
still showed partial facial diplegia. The knee reflexes were present; the ankle 
reflexes were still absent. She walked without help. April 29 the pulse showed 
a rise in rate to 152; this was considered by the medical consultant an 
attack of paroxysmal tachycardia. Pressure on the vagus nerve and moderate 
exercise had no effect on the pulse rate. April 30 the patient felt well again. 
The pulse rate ranged from 88 to 132. The Ewald test was repeated, and free 
hydrochloric acid was still absent. May 6 the patient was discharged as practically 
recovered. 

She was seen again September 20. She felt well, but there was still some 
bilateral weakness of the lower facial muscles, so that the lips were almost 
immobile, but she could close her eyes and wrinkle her forehead. The knee reflexes 
were present, the left being stronger than the right. 


This rich symptomatology, which includes mental confusion, partial 
hemiplegia and hemianesthesia, facial diplegia, absence of tendon 
reflexes, involvement of the vagus nerve and fever, indicates a wide- 
spread involvement of the nervous system. The terms “neuronitis” or 
“meningo-encephaloradiculitis” may be applied. As to the etiology, I 
have learned that the patient for some time had eaten little and that 











296 ARCHIVES OF PATHOLOGY 


she had never eaten fish or fowl of any kind. The improvement coin- 
cided with the administration of liver extract and vitamin capsules. 
There was no severe anemia at any time. 


SUMMARY 


The pure syndrome described by Guillain and Barré in 1916 is 
explained by lesions of peripheral nerves, nerve roots and spinal men- 
inges. Subsequent observations in many parts of the world have revealed 
numerous cases in which this syndrome exists with other features super- 
added. The clinical picture may be dominated by symptoms relating 
to the brain, spinal cord or cranial nerves and may be exceedingly 
alarming, as in the three cases recorded in this paper. Nevertheless, 
regardless of the multiplicity of symptoms, the three cardinal features 
of the Guillain-Barré syndrome remain: high protein content of the 
spinal fluid, low cell count, good prognosis. Anatomically, in the pure 
syndrome one has meningoradiculoneuritis. With the spinal cord or 
brain or both involved, longer terms are required, such as “meningomye- 
loradiculoneuritis” and “meningomyelo-encephalitis.” On account of the 
favorable outcome, opportunities for studying the morbid anatomy are 
rare, and attempts at bacteriologic study and at transmission to animals 
have not, so far, given any clue to the etiologic factors. A single specific 
virus or various infections may be responsible. 
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CHANGES IN THE BRAIN FROM THYROTOXICOSIS 


I. B. DIAMOND, M.D. 
Assistant Professor of Neuropsychiatry, University of Illinois College of Medicine 
CHICAGO 


Detailed reports of histologic studies of the central nervous system 
in thyrotoxicosis are scarce. As additional studies of the central nervous 
system in this morbid condition should be of interest, the results of 
histologic observations on two brains are recorded in this paper. 


REPORT OF CASES 


Case 1.—Thyrotoxicosis of about ten months’ duration; thyroidectomy followed 
by death in three days; edema of the brain and meninges; degeneration of the 
ganglion cells; progressive (proliferative) reaction of the glia, blood vessels and 
meninges; aseptic meningitis. 

History.—A white man aged 56, a sausage maker, who gave a history of alco- 
holism, entered the Cook County Hospital June 22, 1936, because of pain in the 
epigastrium, dryness of the mouth, anorexia, tremor of the hands, loss of weight, 
tachycardia and pain in the right sacro-iliac joint, all of ten months’ duration. The 
condition grew gradually worse. 


Examination—The temperature was 100 F., the pulse rate 108 and the respi- 
ration rate 22. The blood pressure was 145 systolic and 90 diastolic. The body 
weight was 102 pounds. (46 Kg.). The heart beats were irregular, and the left 
border of the heart was felt at the sixth interspace. The basal metabolic rate was 
38 plus. A diagnosis of hyperthyroidism was made. 


Course-—The patient did not improve under treatment, and a thyroidectomy 
was performed August 21: The temperature became elevated, and the condition 
grew steadily worse. The patient died August 24. 


Necropsy (Dr. R. H. Jaffé)—The gross observations may be summarized as 
follows: confluent bronchopneumonia of the left lower and three right pulmonary 
lobes ; periportal cirrhosis of the liver; septic softening of the spleen; cloudy swell- 
ing of the kidneys and myocardium; evidence of recent thyroidectomy. 

The thyroid was composed of small follicles lined by low cuboidal epithelium. 
The lumens of these follicles were filled with a pale pink-staining colloid substance, 
some of which was vacuclated. The interstitial tissue was slight in amount and 
moderately congested. 

The lobules of the liver were deformed by thick strands of fibrous tissue and 
a marked increase of the portal connective tissue. The latter showed diffuse 
lymphocytic infiltration and many dilated capillaries filled with blood. Tiere were 
dense deposits of bile pigment and hemosiderin, also islands of liver cells and 
proliferated bile ducts. The hepatic cords were slightly shrunken, and many of 
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the liver cells contained small clear droplets. When stained with sudan III, 
the liver cells revealed moderate deposition of sudanophilic material. 

The brain weighed 1,400 Gm. The meninges were transparent but strikingly 
congested. The basilar cerebral arteries were thin walled. Microscopically, the 
brain substance was edematous and more or less rarefied. The ganglion cells in 
general showed chromatolysis and exhibited various degenerative changes. Many 
of the ganglion cells, including their axons and dendrites, were swollen; their 
nuclei were often displaced, and the nuclear membranes were dimly outlined or 
broken up. Some were shrunken; others were elongated or appeared as shadows 
and were liquefied. Neuronophagia and satellitosis were features in some areas. 
The glia showed proliferation throughout, especially the oligodendrogliocytes, 
many of which were swollen and often showed mitotic figures. The astrocytes, as 
well as the microgliocytes, were also increased in numbers. When the tissues were 
stained with scarlet red, droplets of lipoids were found scattered throughout, not 
only in the ganglion cells but also in the glia, in the walls of the blood vessels and 
in the tuft cells of the choroid plexus. The blood vessels were greatly congested; 
the capillaries were prominent, and their endothelial and adventitial layers were 
hypertrophied and proliferated. The stroma of the choroid plexus was hyperplastic 
and contained numerous fibroblasts. The blood vessels were congested. The tuft 
cells were swollen, granular and vacuolated, and their nuclei were frequently 
pyknotic. 

Noteworthy changes were present in the meninges, which were markedly dis- 
tended. The meshes were widely. separated and contained many histiocytes, 
lymphocytes, polyblasts, fibroblasts and mesothelial cells (fig. 1). In some areas 
there were present, also, erythrocytes mixed with granules of blood pigment, which 
were often enclosed within histiocytes. The pial blood vessels were greatly con- 
gested; some were hyperplastic, but few showed endarteritic changes. 

Case 2.—Thyrotoxicosis of about four months’ duration; thyroid crisis with 
the development of a psychosis three weeks after entrance to the hospital, followed 
by death one week later; edema of the brain and meninges; degeneration of the 
ganglion cells; reactive proliferative phenomena of the glia, blood vessels and 
especially the meninges (aseptic meningitis). 

History—A white man aged 52 entered the Cook County Hospital Aug. 11, 
1936, because of nervousness, progressive weakness, palpitation, profuse perspiration 
and loss of weight of three months’ duration and shortness of breath, especially 
on climbing stairs, associated with productive cough, for two years. 

Examination.—The patient appeared acutely ill; “he perspired freely” and “was 
nervous.” The temperature was 98.6 F., the pulse rate 120 and the respiration 
rate 26. The blood pressure was 172 systolic and 80 diastolic. The pupils reacted 


, 


to light and in accommodation. There was no exophthalmos. The tongue exhibited 
a fine tremor. The thyroid gland was palpable, and the right lobe felt larger. The 
chest was emphysematous, and the lungs were hyperresonant. There were no 
cardiac murmurs, but the tones were “distant.” No masses were felt in the 
abdomen. There was a marked coarse tremor of the fingers. The deep reflexes 
were hyperactive. The urine was normal. The differential leukocyte count of the 
blood was: polymorphonuclears, 38; lymphocytes, 61; mononuclears, 1. The Was- 
serman reaction of the blood was negative. Roentgen examination of the chest 
showed a widening of the superior mediastinum, suggesting a substernal thyroid. 
The basal metabolic rate, taken three days after the patient’s entrance into the 
hospital, was 41 plus, and the body weight was 110 pounds (50 Kg.). 
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Course.—Operaticn was not advised until the patient showed a gain in weight 
and subsidence of his nervous irritability. The usual thyroid management was 
instituted: The patient was given aqueous solution of iodine, 10 minims (0.61 cc.), 
three times daily; sodium, ammonium and potassium bromide, and a diet high in 
calories. For the next three weeks the basal metabolic rate declined from 74 plus 





Fig. 1 (case 1).—Aseptic meningitis. The pia-arachnoid (/.a.) is densely infil- 
trated with various cells, described in the text. The parts designated by v are 
veins. Toluidin blue stain; low power magnification. 


to 47 plus. The patient gained 2% pounds (1.2 Kg.). The pulse rate varied from 
104 to 110 per minute. The patient suddenly became disoriented, and the symptoms 
of involvement of the thyroid seemed to be more severe. Nasal feeding and roent- 
gen therapy were advised. The mental condition became worse, and the patient 
appeared definitely psychotic. The temperature gradually rose to 108F., the 
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respiration became rapid and shallow, and the pulse rate increased to 140. The 
patient evidently had a thyroid crisis, and death occurred on September 11, one week 
after the onset of this crisis, one month after the patient’s admission to the hospital 
and four months after the sudden onset of his illness. 

Necropsy (Dr. R. H. Jaffé).—The gross observations may be summarized as 
follows: a nodose goiter (weight 150 gm.); slight hypertrophy of the heart and 
parenchymatous degeneration of the myocardium; chronic emphysema of the lungs 
and focal bronchopneumcnia in both lower pulmonary lobes; slight atrophy and 
fatty changes of the liver; infectious softening of the spleen; moderate dehydration. 

The report of the histologic examination of the thyroid gland was as follows: 
“The histologic picture of the nodes varies considerably, but large follicles are 
predominating throughout. In some of the nodes most of the follicles are in the 
resting stage, lined by a flat epithelium and filled with a homogeneous colloid. 
Other nodes reveal considerable secretory activity. Their epithelium is cylindric, 
and the colloid is thin and vacuolated; many cells show a basophilic center and a 
light oxyphilic periphery. Scattered among the large, secreting follicles are small 
ones which contain old and inspissated colloid. The stroma is edematous or hya- 
linized, with fine calcium deposits. There are also occasional recent hemorrhages. 
Outside the nodes, the thyroid shows interstitial fibrosis with small accumulations 
of lymphatic cells. The follicles are of medium size and filled with homogeneous 
colloid, and there is but insignificant epithelial hyperplasia.” 

In the thymus, widely separated by fat tissue, there were small lobules of well 
preserved thymic tissue, each composed of a broad cortical portion and a small 
medullary portion. The latter contained many Hassall’s bodies with fine calcium 
granules. 

In the anterior lobe of the hypophysis the basophilic cells predominated, while 
the oxyphilic and principal cells were about equal in number. The capillaries were 
congested. The intermediary part consisted of small flattened follicles. There was 
moderate invasion of the posterior lobe by cords of cells derived from the inter- 
mediary part. The neurohypophysis was rich in pigment. The follicles of the 
intermediary portion were either empty or contained vacuolated colloid-like material 
or were filled with vacuolated cells. 

The adrenals showed the lipoid content of the cortex reduced. The medulla 
was narrow and slightly congested. There was little pigment in the reticular zone. 

In the liver there was slight capillary congestion with pericapillary edema 
throughout the lobules. At the periphery of each lobule the liver cells contained 
small fat droplets, while about the central veins they showed dark brown pigment 
granules. The periportal tissue was loosely infiltrated with small round cells, and 
the walls of the arterioles were slightly thickened. 

The splenic pulp was congested, and the cords contained many polymorpho- 
nuclear leukocytes and free mononuclear cells. The malpighian bodies were small. 
They were surrounded by a zone of sclerosis of the reticulum of the pulp. 

The structure of the pancreas was well preserved. The islands were fairly 
numerous, of medium size and well separated from the acini. The walls of the 
arterioles were slightly thickened. 

In the kidneys there was an occasional hyalinized glomerulus with an atrophic 
tubule. The epithelium of the remaining tubules was swollen and granular. The 
arterioles had slightly thickened walls. Sudan III did not disclose any lipoid 
material. 

The cross striation of the muscle fibers of the myocardium was indistinct, and 
the fibers often presented a granular appearance. About the poles of the nuclei 
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there was a moderate amount of pigment. The adventitial cells of the intramus- 
cular capillaries were swollen and slightly increased in number. 

The brain weighed 1,450 Gm. The leptomeninges were thin and showed slight 
injection. The vessels at the base of the brain were thin walled. The ventricles 
were slightly dilated; the ependyma was smooth, and the brain substance was 
moist. Microscopically, the changes in the brain were more or less similar to those 
observed in case 1. The cerebral substance was edematous or rarified. The 
ganglion cells exhibited various degenerative changes and neuronophagia was a 
feature. The oligodendrogliocytes were swollen and greatly increased in numbers. 
The white substance contained many corpora arenacea. In the pons there were 
several foci of minute hemorrhages with scattered granules of blood pigment, often 





Fig. 2 (case 2).—Aseptic meningitis. Lymphocytes are designated by /; meso- 
thelial cells by m, and fibroblasts by f. Toluidin blue stain; high power magni- 
fication. 


enclosed within macrophages. The blood vessels were congested; their endothelial 
and adventitial layers were hypertrophied and proliferated. In the cornu ammonis 
a number of the smaller blood vessels were calcified, and the walls of others were 
studded with granules of calcium salts. In the neighboring area the microgliocytes 
were increased in number. The changes in the meninges were as striking as in case 
1. The distended meshes were infiltrated with numerous lymphocytes, polyblasts, 
fibroblasts, histiocytes and mesothelial cells (fig. 2). The blood vessels were 
hyperemic; some were filled with thrombi. The stroma of the choroid plexus was 
hyperplastic and cellular and contained numerous corpora arenacea. In some areas 
it appeared cystic and contained a great number of macrophages, their cyto- 
plasm honeycombed so that they much resembled gitter cells. The tuft cells were 
swollen, granular and vacuolated, and their nuclei were often pyknotic. The blood 
vessels were greatly congested and their walls often hypertrophied. 
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COMMENT 


The histologic changes in the brain in both cases were general or 
diffuse. These changes were edema or rarefaction and degeneration of 
the ganglion cells, associated with reactive proliferation of the glia, blood 
vessels and especially the meninges. These changes were not unlike 
those found in other forms of toxemia and are to be considered primary 
—the result of the direct action of toxic agents on the cerebral paren- 
chyma. 

Other phenomena in the glia and especially the mesodermal tissues 
should be held secondary to the parenchymatous changes. They were 
progressive or proliferative and appeared as satellitosis, mitosis, neu- 
ronophagia and mild vascular changes, which in the pia-arachnoid were 
marked. 

In both cases the subarachnoid space, as noted, was greatly dilated 
and much infiltrated with a variety of elements (which are usually 
absent in a normal condition ) : lymphocytes, polyblasts, histiocytes, fibro- 
blasts and mesothelial cells. 

As shown elsewhere,’ all such reactive phenomena may be termed 
aseptic meningitis (Ayer*). In these cases they resulted from a reac- 
tion of the meninges to the presence or the action of abnormal substances. 
Such substances probably landed in the subarachnoid space from the 
brain, as repeatedly emphasized by Hassin * in similar cases. 

In favor of such a view, speak the observations of Hechst,‘ 
Friedman and Kanzer*® and others. Hechst also regarded the ecto- 
dermal changes as the most outstanding, the result of a direct action of 
thyroxin on the cerebral parenchyma. This she could confirm in experi- 
mental thyrotoxicosis, which she produced in rabbits and cats.° In these 
animals the ganglion cells, especially those in the cerebrum and basal 
ganglions, were severely affected. On the other hand, Simchowicz * 
observed such changes mostly in the cord, medulla, cerebellum and sym- 
pathetic ganglions. 

The presence of parenchymatous changes in the liver, as described 
by Dr. Jaffé in my two cases (accumulation of pigment, fatty degenera- 
tion and swelling), also denotes that in thyrotoxicosis the parenchy- 
matous changes are the prevalent features, for they could not be 


1. Diamond, I. B.: Arch. Neurol. & Psychiat. 35:1320, 1936. 

2. Ayer, J. B.: Pathological Study of Experimental Meningitis, Monograph 
12, Rockefeller Institute for Medical Research, 1912, p. 36. 

3. Hassin, G. B.: Histopathology of the Peripheral and Central Nervous Sys- 
tems, Baltimore, William Wood & Company, 1933; Arch. Neurol. & Psychiat. 
28:789, 1932; 14:468, 1925. 

4. Hechst, B.: Ztschr. f. d. ges. Neurol. u. Psychiat. 141:718, 1932. 

5. Friedman, J. H., and Kanzer, M.: J. Nerv. & Ment. Dis. 85:30, 1937. 

6. Hechst, B.: Beitr. z. path. Anat. u. z. allg. Path. 98:163, 1936. 

7. Simchowicz, T.: Ztschr. f. d. ges. Neurol. u. Psychiat. 31:275, 1916. 
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explained as the result of the concomitant lymphocytic infiltrations or 
other mesodermal changes. Changes in the liver corresponding to those 
referred to here were described by Wartin,® Weller,? Haban*°® and 
Roéssle 74 and were produced experimentally by Haban.’* 

Contrasting the reactions produced in the brain with those produced 
in the liver by thyrotoxic substances, one must conclude that the reactions 
in both are analogous, the parenchymatous degeneration of the ganglion 
cells of the brain corresponding to the fatty degeneration of the cells of 
the liver and both associated with mesodermal changes. These—espe- 
cially marked in the meninges—should be considered secondary to the 
parenchymatous changes and not, as Hechst surmised, the result of old 
age or of status thymicolymphaticus. 

In case 2 there were additional changes present—calcification of the 
smaller blood vessels (in the cornu ammonis and the optic thalamus) 
and minute hemorrhages in the pons. Such changes are not typical of 
thyrotoxicosis, for they may occur in any other acute pathologic 
condition. 

Like the hemorrhages described in the medulla by Miiller,** Klien, 
Greenfield,’> Stewart and Gibson*® and White," the atrophy of the 
corpus restiforme and the tractus solitarius (Mendel**) and the 
degeneration of the pyramidal fibers with bulbar changes (Dinkler **) 
are also accidental. 

SUM MARY 


Thyrotoxicosis produces diffuse parenchymatous changes in the 
brain. The parenchymatous, or ectodermal, changes are edema of the 
cerebral parenchyma and degeneration of the ganglion cells; the meso- 
dermal changes are vascular and pia-arachnoidal. The mesodermal 
changes in the pia-arachnoid are those of aseptic meningitis. They are 
secondary to the parenchymatous cerebral changes and are caused by 
abnormal chemical products invading the subarachnoid space from the 
brain. The parenchymatous changes in the brain are to be interpreted 
in the same manner as similar changes in the liver, in which the paren- 
chyma, as has been shown experimentally, is also affected primarily. 
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CONCENTRATION AND HYDRATION OF THE SERUM 
COLLOIDS IN DISEASE 


KAMIL SCHULHOF, M.D. 
CHICAGO 


My purpose in this article is to draw attention to the fact that sig- 
nificant changes of the colloids of the blood serum occur with unsus- 
pected frequency in the majority of pathologic conditions, especially in all 
bacterial infections except those of the mildest type. The changes run 
a definite course that permits quantitative description. 

In establishing the extent of the changes determinations are made 
of the refractometric index, the protein concentration and the viscosity of 
the serum. The refractometric index is a fair measure of the sum of 
all the dissolved colloids, not of the proteins alone, being practically 
an additive function of the atomic refractions. The viscosity of the 
serum serves as a basis for the measurement of the hydration of the 
colloids and proteins. The refractometric and viscosimetric data utilized 
here were gathered during the past nine years; the protein was deter- 
mined in addition to the refractometric index and the viscosity over a 
shorter period. 

Only a few functions of the serum proteins in bulk (if one disregards 
the immune reactions) have been investigated besides the buffer action 
and the relation to edema. The most important of them for the purpose 
of this article is that associated with the appearance of shock after 
experimental depletion of plasma colloids. This work of Whipple, Smith 
and Belt* has not been utilized clinically as it deserves, perhaps 
because the medical profession does not realize that in postoperative 
infection the serum colloids and particularly the proteins may decrease 
at the rate of about 10 per cent of all the colloids and 16 per cent of 
the serum proteins per day, as shown in some of the cases which my 
associates and I have observed, while an additional injury to tissue 
occurs. 

A comparison of the viscosity with the refractive index of the serum 
was introduced into clinical medicine by Naegeli? and his associates, 
notably Rohrer and Alder. They used as a measuring rod serial dilu- 
tions of mixtures of albumins and globulins and expressed the result as 


From the John McCormick Institute. 

1. Whipple, G. H.; Smith, H. P., and Belt, A. E.: Am. J. Physiol. 52:72, 
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2. Naegeli, O.: Blutkrankheiten und Blutdiagnostik, ed. 5, Berlin, Julius 
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the percentage. In addition to the objections to any direct identification 
of the refractometric index with the concentration of protein, there is 
this: There are serums that in their chart would register the presence 
of more than 100 per cent globulins. Other authors, especially Neu- 
schloss, with Hellwig and Trelles, Hafner, Petschacher, Starlinger, 
Spiro, Handovsky and in this country Bircher, suggested in the third 
decade of this century other correlations between the viscosity and either 
the refractometric index or the concentration of the protein. All these 
attempts, as pointed out by Freundlich * and realized by some of the 
authors themselves, lacked the adequate base that can be given only by 
an equation correlating the viscosity with the concentration. Without 
such an equation, the results at different levels cannot be well compared, 
and the physicochemical significance cannot be visualized. This signifi- 
cance has been established by Einstein, who showed that the viscosity 
of a solution is a function of the volume of the disperse phase and 
developed an equation for the dilute solutions. Other authors proposed 
other equations, extending the range of this correlation, notably 
Arrhenius * for viscosities below the range of those of serums (used 
by Fishberg®) and Hatschek* for those above this range. Kunitz’ ® 
equation is valid for a still wider range. Most physicists agree with 
Arrhenius that such equations give at least a relative measure of the 
hydration of the particles or molecules in solutions. 

My formula,’ which is a modification of the equation of Arrhenius, 


° t. , 
reads; (1+) log. nat. a/~e KK 
(1 + log. nat. /no) 
(in which y is the relative viscosity of the system; yo, the relative vis- 


cosity of the dispersion medium; ¢, the relative volume of the disperse 
phase, and K, a constant which depends especially on the nature of the 
disperse phase, dispersion medium and shearing stress. 

Taking as an example Naegeli’s ? measurements of the viscosities of 
suspensions of erythrocytes in plasma, one obtains (with K 1.55) for 
the viscosities of 1.15, 1.38, 1.70, 2.19, 3.01, 4.13 and 4.81 the following 
calculated volumes of the erythrocytes: 0.09, 0.19, 0.30, 0.40, 0.51, 0.61, 
0.65. The actual volumes were 0.10, 0.20, 0.30, 0.40, 0.50, 0.60 and 
0.65. The agreement is better than the limits of error of the determina- 
tion, because the data were taken from a curve. The first and the last 
two viscosities are beyond the range of those of serum. 





3. Freundlich, H.: Kapillarchemie: Eine Darstellung der Chemie der Kol- 
loide und verwandter Gebiete, ed. 3, Leipzig, Franz Deuticke, 1923. 

4. For literature and discussion, see Alexander, J.: Colloid Chemistry, Theo- 
retical and Applied, New York, Chemical Catalog Company, Inc., 1928. 

5. Fishberg, E. H.: J. Biol. Chem. 85:465, 1926. 

6. Kunitz, M.: J. Gen. Physiol. 9:715, 1926. Kunitz, M.; Anson, M. L., and 
Northrop, J. H.: ibid. 17:365, 1934. 

7. Schulhof, K.: Tr. Illinois State Acad. Sc. 27:80, 1934. 
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The same equation correlates the viscosity with the concentration 
in a large number of widely different systems (obtained from the Inter- 
national Critical Tables)—from suspensions to colloidal and true solu- 
tions of electrolytes and nonelectrolytes and over a range up to twenty 
times that of the viscosity of serum. However, because of the hydration, 
in these solutions ¢ is a multiple of the concentration (¢ = nc.). Instead 
of measuring the actual volume of the units of the disperse phase with 
their water shells, one may only say that the solution behaves as if each 
unit of the solute occupied the calculated space, which is larger than 
the volume of the unit alone as calculated from its specific gravity, the 
difference being due to its hydration. 

When serums widely different in quality were examined, it was found 
that both constants K and n gradually change; but they were sufficiently 
interrelated to permit the elimination of one of them (K). The result 
of this simplification and of a substitution of ordinary logarithms for the 
natural is the equation: n = ( — .52) logy, »/no —0.66 

According to this equation, a serum containing 7.5 per cent protein 
and having a viscosity of 1.70 (and a viscosity yo of its saline dispersion 
medium of 1.015) behaves as if each gram of its proteins occupied a 
space of 2.4 cc. instead of the space of 0.7 cc. which is expected from 
their specific gravity. Partly because it is easy to remember 100 per cent 
as a norm and partly because the actual volumes calculated with differ- 
ent equations will differ, while the percentages are not far apart, 
the average volume occupied by 1 Gm. of protein in serums from healthy 
persons was multiplied by the coefficient necessary to bring it to 100. 
The figure thus obtained is called the VP index (viscosity-protein). It 
gives the apparent volume of a weight unit of serum protein as a per- 
centage of the volume calculated in an average normal serum. For 
instance, a VP index of 120 means that the serum behaves as if each 
gram of its protein occupied a space larger by 20 per cent than it seems 
to occupy in a normal serum—a condition which one may call increased 
hydration of serum proteins. A VP index of 92 means decreased hydra- 
tion (or dehydration). 

If one expresses the concentration of all the colloids of the serum 
by the refractometric index of the latter minus the refractometric index 
of water and crystalloids, one obtains the VR index which expresses 
the percental hydration of a refractometric unit of all the colloids. In 
the nomogram, the index of the water and crystalloids was taken as 
1.33450. The error resulting from this fixing of a slightly variable base 
is small unless there is a considerable increase in the crystalloids or unless 
one examines transudates. In either case a subtraction of 0.00014 from 
the refractometric index for each increase of 0.1 per cent in the crystal- 
loids will correct for this and for the simultaneous increase in the vis- 
cosity of the dispersion medium (yo). The latter was taken as 1.015. 
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It is essential that the determinations be made correctly. The Bausch 
and Lomb dipping refractometer with prism A, an auxiliary prism and 
the hood for examination of drops costs $90 less and gives one decimal 
point more than the Abbé type. It should be checked from time to time 
with redistilled water. All refractometric indexes must be reduced to 
the corresponding values at 20 C. for the calculation of the VR index. 
The correction for the serum is the same as for water. 

The minimal requirement in a viscosimeter is the larger Hess model 
manufactured by Biichi, Berne, Switzerland—not its imitations that 
forget the effect of surface tension. The work with which this paper 
deals was done with it. Lecomte du Noiiy’s instrument has the honorable 
fault of being too sensitive for most workers. It is superfluous here 
unless an interferometer is used instead of the refractometer. Even the 
Hess viscosimeter is only as accurate as its user, and I shall be glad 
to send to any one interested a few pages of directions, the most impor- 
tant being the necessity to recalibrate with water and to use sufficiently 
strong suction. 

There are interesting differences between the VR and the VP index, 
which will be discussed elsewhere. They depend, of course, mostly on 
changes in the proportion of the proteins and dissolved lipoids. The VP 
index is almost always, and sometimes considerably, larger if the patient 
harbors any active infection except rheumatoid arthritis. It is usually 
larger if the person studied is aged or has diabetes. It is frequently 
smaller than the VR index if the patient has pernicious anemia, acholuric 
jaundice or a certain type of colitis. 


Chart 2 presents the refractometric indexes and the VR indexes 
obtained in 2.500 examinations (some of them repeated examinations) 
of the serums of my own patients with internal diseases as well as those 
of other patients referred by practitioners of internal medicine or other 
branches, especially surgery, and in a few necropsies. The smaller dots 
represent serums from patients who do not as a rule show changes of 
the VR index, such as convalescents or patients who have uncomplicated 
allergy, essential hypertension or diseases of the endocrine glands, with 
the exception of the thyroid. 

The indexes of healthy persons were not charted. The standard 
deviation (0) of their VR indexes was only +2.5 per cent when calcu- 
lated from my material as well as when calculated from Alder’s * data, 
obtained on some 70 presumably healthy persons. Thus the VR index 
is one of the least variable features, if not the least variable feature, of 
the blood serum in health. The vertical sides of the inner irregular 
hexagon correspond to the + limits of this deviation, which means that 
about two thirds of the normal serums are represented within these 


8. Alder, A.: Deutsches Arch. f. klin. Med. 126:61, 1918. 











308 ARCHIVES OF PATHOLOGY 


EXPLANATION OF FiGureE 1 


Chart 1—A nomogram of slide rule type for easy calculation of the VR and 
the VP index. 

Measure the distance between the viscosity and the refractometric index (or 
between the viscosity and the percentage of protein). Transfer this distance in 
the same direction on the index scale, using as a starting point the mark 40 C. 
if the viscosity was determined at 40 C., or 20 C. if the viscosity was determined 
at 20 C. 

Example: The viscosity was 1.825 at 40 C.; the refractometric index was 
1.34914 (always reduced to the corresponding value at 20 C.); the concentration 
of protein was 6.73 per cent; the distance between the viscosity and the refracto- 
metric index is the same as between the mark 40 C. on the index scale and 115.6, 
when taken in the same direction (upward). Consequently the VR index is 115.6. 

The distance between the viscosity and the concentration of protein is the same 
as the distance between the 40 C. mark and 121.8. The VP index is 121.8. If 
the viscosity had been measured at 20 C., the VP index would be 118.5. 

The calculation is much facilitated by transfering the nomogram to a slide rule. 
Its fixed top part serves for the viscosities, the sliding middle part for the refracto- 
metric indexes and the proteins, and the fixed bottom range for the index scale, 
which is transferred in reverse order. The two lines on the side of it, which serve 
as a starting point for the measurements, are marked on the sliding part at 7.5 per 
cent (for 40 C.) and at 7.22 per cent (for 20 C.) if the index mark of 100 is 
opposite 1.70 of the top scale, that of viscosities. 

If the method for the determination of protein gives an average normal value 
different from 7.5 per cent, the value for the concentration of protein must be 
multiplied by the ratio between 7.5 and the particular ncrmal before using the 
nomogram. 
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limits. The verticals of the outer hexagon show the limits of the double 
o of the VR index, which means that 19 of 20 healthy persons will be 
represented there. The horizontals of the hexagons denote the analogous 
single and double limits of the refractometric index, and the short slant- 
ing lines, those of the viscosity. The determination of the variation of 
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Chart 2.—The refractometric index and VR index in 2,500 examinations. The 
smaller dots represent serums from patients who do not as a rule show changes 


of the VR index (see text). 


the VP index awaits a larger material and will probably show the varia- 
tion to be around 3 per cent with accurate determinations of the protein. 

It is obvious that the indexes of a large percentage of serums from 
the general run of patients transcend these limits. Therefore the deter- 
mination of the refractometric and that of the VR index recommend 
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themselves as part of a routine examination. They require, if necessary, 
only 0.5 cc. of serum and can be done (not counting the preparation ) 
in ten minutes. According to Lecomte du Noity, the viscosity of the 
serum increases during the first hour after the blood is obtained. 

All the patients with active tuberculosis or with rheumatic or rheuma- 
toid arthritis (but not those with osteo-arthritis nor with neuritis) had 
VR indexes above 105. The highest five indexes were obtained from 
two patients with grave rheumatoid arthritis. 

Except when due to nephrosis, a position near the bottom of the 
chart gives a poor chance of survival, especially for those with infec- 
tions. A position toward the right means that long duration and severity 
are probable. The prognosis is not necessarily favorable if the index 
falls within the hexagon, but no index in a bacterial infection except 
the mildest stays there. Not every disease shows a change of 
the refractometric or of the VR and VP indexes. For instance, the 
blood of a patient with carcinoma of the testis of one month’s duration 
was perfectly normal in this and several other respects (including the 
sedimentation rate). However, the VR index was always increased 
when there was metastasis of a carcinoma or of an ordinary sarcoma. 
It was decreased in a case of lymphosarcoma. 

The therapeutic indications and contraindications based on these 
examinations will be discussed elsewhere. The simplest of them is the 
indication for blood or plasma transfusion with a low refractometric 
index. Serums registering below the limits of the chart were not found 
and few patients survived with indexes below 1.34500, except those 
with nephrosis. Most of the major interventions lower the refrac- 
tometric index. ‘Therefore patients with a low level of the serum 
colloids hardly offer the best surgical risks. 

The course of the concentration and hydration of the colloids and 
particularly of the proteins in bacterial infections follows a definite 
pattern according to the prognosis. It will be the subject of my next 
article. Similar syndromes were observed in some poisonings. There- 
fore the use of these methods in toxicologic and pharmacologic research 
may be expected to yield worthwhile data. The same statement applies 
to their use in immunologic work. Dog’s blood resembles human blood, 
but the normal rabbit seems to have a lower refractometric index and 
especially a lower VR index (about 95). 


SUMMARY 


Examination of 2,500 human serums showed that the amount and 
hydration of the serum colloids deviate significantly from the normal 
in a large number of pathologic conditions. 

A slide rule type of nomogram for the calculation of the relative 
hydration of the colloids as well as of the proteins is presented, and 
its uses are discussed. 











CLINICAL STUDY OF EPIDEMIC POLIOMYELITIS 


LUKE W. HUNT, M.D. 
CHICAGO 


This report is based on a study of 368 patients with epidemic polio- 
myelitis who were admitted to the Durand Hospital, of the John 
McCormick Institute for Infectious Diseases, during a period of six- 
teen years, from 1916 to 1931, inclusive. The study included the initial 
symptoms, the frequency and extent of the paralysis, some epidemiologic 
phases of the disease and the clinical pathologic character. The report 
includes a brief discussion of the questions arising from such a study. 


INITIAL SYMPTOMS 


From the symptoms observed in these patients, it is apparent that 
poliomyelitis has two distinct phases, one of a general, systemic nature 
and another of specialized expression in the form of a disorder of the 
central nervous system. It is further apparent that the systemic phase 
may be represented by a variety of symptom complexes. From the 
point of view of early symptoms, the disease assumed three main 
characters. One type often incorrectly called the dromedary type, 
showed clearly two distinct periods of illness with an intervening period 
of well-being. In the second type, often called the straggling type, this 
period of well-being was not present, but there was a sustained indis- 
position of varying intensity. In the third type, that with sudden onset, 
all the symptoms from the start pointed to involvement of meningeal and 
nervous tissue. The first stage of the dromedary type and the continued 
course of the straggling group were characterized by a febrile condition, 
with symptoms falling into three main categories: (1) disturbances 
of the gastrointestinal tract, (2) inflammation of the tonsils and of 
the upper respiratory passage and (3) malaise without localization 
of symptoms. Then, pursuant to a remission of all symptoms in the 
dromedary group or a varying duration of symptoms in the strag- 
gling group, one of two things occurred: The patient either promptly 
got well or showed sudden evidence of meningeal involvement which 
might be followed by recovery or paralysis. 


In the first two groups acute poliomyelitis, in the early hours of 


its clinical course, resembled in general any acute infectious disease of 


From the Department of Medicine, University of Chicago, and the John 
McCormick Institute for Infectious Diseases. 
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childhood. Fever was almost invariably present; in 307 of the 368 
cases there was a perceptible rise in the temperature at the onset. In 
the majority of the cases the temperature varied from 100 to 103 F.; 
in a few it was higher. The fever was usually of short duration, and 
the temperature fell rapidly through from twenty-four to forty-eight 
hours. The initial fever lasted in the majority of cases from four to 
seven days. Occasionally, however, the curves were irregular or pro- 
longed, and this variation often was caused by some complication. 

Aside from the fever, the picture in the individual case was colored 
by the particular set of organs chiefly involved. Disturbances of the 
gastrointestinal tract were frequent. Nausea and vomiting occurred 
in 205 of the patients, abdominal pain in 30 and anorexia in 16. 
Eighteen of the patients had diarrhea, while 32 gave a history of con- 
stipation, at the onset. There was an almost universal occurrence of 
constipation in the second phase, i. e., the phase involving the central 
nervous system. 

Symptoms indicating involvement of the upper respiratory tract 
occurred in 71 of the 368 patients; 44 of these patients had an acute 
cold, 20 had sore throat, and 11 gave a history of having had chills. 

An eruption of the skin, usually in the form of a simple erythema, 
occurred in 10 of the patients. There was an entire absence of herpetic 
and purpuric eruptions. 

Incontinence of urine occurred in 4 of the patients and retention 
in 10. 

During the systemic phase of the disease there was an almost entire 
absence of any sign that the central nervous system was involved. 
However, when invasion of the meninges occurred, which marked the 
second phase of the disease, such symptoms appeared: headache in 137 
patients, pains in the back or extremities in 103, rigidity of the neck 
or back muscles in 20 and great tenderness of the muscles and hyper- 
esthesia of the skin in several. Anesthesia of the paralyzed member 
was not recorded. The behavior of the reflexes was irregular, varying 
from absence to the most extreme exaggeration. In most instances 
the deep reflexes in the paralyzed limb gradually disappeared, although . 
they were usually hyperactive at first. In many instances loss of a 
tendon reflex was the forerunner of paralysis. In a few cases it was 
observed that the knee jerk or the ankle jerk disappeared for a day 
or two and then returned, and the patient recovered without paralysis. 
In 2 cases of polio-encephalitis there was a positive Babinski sign, indi- 
cating that the inflammatory process had extended to the pyramidal 
tract. There was no general tendency toward impairment of the special 
senses. Convulsions occurred in 8 patients, 5 of whom were under 
2 years of age. Delirium was recorded in 3 instances and coma in 1. 
The frequency of the various symptoms is recorded in table 1. 
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In the initial stage of the disease the patients presented a striking 
appearance, especially about the eyes. The sclera and cornea had the 
quality of glazed porcelain; the circumorbital tissues not infrequently 
showed puffiness. In addition, there was often a peculiar expression in 
the eyes—a look of mingled apprehension and resentfulness. When 
this appearance was present, often the patient.did not wait to be touched 
before objecting but cried out when any one approached. More often 
the eyes were partly or wholly closed, and there was a peculiar tired, 
wilted expression. Not infrequently the chin was pointed upward a 
little, indicating a small degree of retraction. From this drowsy or 
almost sleeping condition the patient could be roused by the gentlest 
touch or manipulation of an extremity. When meningeal involvement 
was extensive the patient might assume a typical meningitic posture. 


TABLE 1.—Frequency of Symptoms in Cases of Poliomyelitis 








Cases Cases 
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Constipation............ i Convulsions......... a 8 
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FREQUENCY AND EXTENT OF THE PARALYSIS 

The records of the paralyses are not sufficiently detailed to indicate 
the relative frequency with which various muscles were paralyzed, but 
they give some indication of the frequency with which the various parts 
were affected and to some extent of the degree of paralysis. The 
extent of the paralysis is indicated as partial or total. Since most of 
the patients of this series were admitted to the hospital from three to 
nine days after the onset of symptoms, the paralysis had usually 
reached its greatest extent at the time of admission. Table 2 indicates 
the frequency with which the various parts were affected and table 3 the 
day of onset of the paralysis. 

It is apparent that in this series partial paralysis was much more 
common than total paralysis, the former occurring in 246, or 67.9 per 
cent, of the 362 cases. The predominance of partial over total paralysis 
is of importance, especially in the matter of treatment, because in such 


muscles there remains some initiative, and with it, the power of develop- 
ing more muscular volume and new associations through the repeated 











passages of impulses from the brain to the muscles. 
paralysis were observed in these cases, from definite transient paralysis 
of an arm or leg, lasting for a few days, to complete flaccid paralysis 
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All degrees of 


of one or more extremities, which persisted for a time and then either 
The progressive 
ascending form of the disease occurred in 13 of the fatal cases and the 


disappeared or remained as a permanent disability. 


bulbar form in 18. 











Taste 2.—Extent of Paralysis in Cases of Poliomyelitis * 
Partial 
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* In 6 of the 368 cases there was no evidence of paralysis. 


TABLE 3.—Day Paralysis Appeared After Onset of Symptoms in Cases of 


Poliomyelitis 








Day Cases Day 
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Paralysis of the leg muscles was more frequent than paralysis of 
the arm muscles. It was also observed that the muscles of the upper 
extremity were more severely affected nearest the trunk and less severely 
lower down whereas in the leg the largest proportion of the severe 


paralysis was in the lower part of the leg and foot. 


When the muscles 
of the upper extremity were involved without paralysis occurring in 


other parts of the body, the paralysis was more severe than paralysis 
in this region when the muscles of the legs were involved; i. e., 
paralysis of the arm that was strictly regional was more severe than 
paralysis of the arm which existed in combination with more gen- 
eral paralysis. 
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Forty-five patients showed extension of their paralysis after admis- 
sion to the hospital. This occurred as a rule on the first or second day 
after admission and was usually observed in the fatal cases. 

Since the patients in this series were observed for only from three 
to five weeks, no accurate record of the ultimate results can be given. 
However, 295 of the 368 patients showed some improvement during 
their stay in the hospital; 7 showed no paralysis when discharged ; in 
6 paralysis did not develop ; 29 showed no improvement, and 33 died. 


INCIDENCE OF THE DISEASE WITH RESPECT TO AGE 
Of the 368 cases, 212, or 57 per cent, occurred in children 4 years 
of age and under. There were 19 cases in infants under 1 year. The 
youngest patient was 5 weeks of age; the oldest, 39. Of the deaths, 
11 (a mortality of 5.2 per cent) occurred in patients under 4; 10 (9.9 
per cent) occurred in patients from 5 to 9, and 10 (21 per cent) in 


TABLE 4.—Incidence of Poliomyelitis and of Deaths from the Disease in Various 
Age Groups 








: Cases of Percentage of 
Age Group Disease Deaths Deaths 
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patients from 10 to 19. One death occurred in a child under 1 year of age, 
this child being the youngest patient who died of respiratory paralysis. 
The death rate for the series was 8.9 per cent. The incidence with 
respect to age groups is shown in table 4. 

The distribution of cases by months is shown in table 5—234, or 
63 per cent, occurred during August and September. An analysis of 
the death rate by months showed that the greatest relative percentage 
of deaths occurred early in the season—12 per cent in July and 15.4 
per cent in August. Toward the close of the season the death rate 
decreased sharply—6.2 per cent in September and 2.8 per cent in 
October—which seems to indicate that the disease is most severe in 
the early cases of an epidemic. 

As to race and color, the only data available showed 357 cases in 
white persons and 11 in Negroes. While Negroes seemed to be less 
affected than white persons, the difference in number stricken per capita 
of the blacks and whites is not great enough for one to base an absolute 
statement as to relative immunity on it. 


The type of child which seemed most susceptible to the disease was 
the large, well developed, plump type. The adolescents and adults in 
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whom the disease was more severe were not similar to the younger 


patients but appeared more delicate. 


CLINICAL PATHOLOGY 


The changes in the spinal fluid varied with the stage of the disease 


and with the reaction of the meninges. In the systemic phase the fluid 


was usually increased in amount, the cell count was from 30 to 100 
per cubic millimeter, and the aggregate of cells was made up entirely 


of polymorphonuclear leukocytes or of both leukocytes and lymphocytes. 


The globulin was increased in some cases and not in others. In the 


stage of paralysis, and most of the patients were in this stage, the fluid 


was still increased in amount, the number of cells varied from 18 to 


2,000 or more, and from 80 to 90 per cent of the cells were lymphocytes. 


TaBLe 5.—Distribution of Cases of Poliomyelitis and of Deaths from the Disease 


by Months 
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In general, the highest cell counts were shown by the patients showing 


symptoms of severe meningeal irritation ; 201 of the 326 patients whose 


spinal fluid was examined showed cell counts of from 0 to 100, 80 had 


cell counts of from 100 to 200, 45 had cell counts of 200 and above, 
and 6 had cell counts of 1,000 and above. In the fatal cases the cell 
counts of the spinal fluid were invariably high, the average count being 


200 and above. The pressure of the spinal fluid was increased in 279 
patients and was normal in 47. Globulin was present in 280 cases. In 
most cases the globulin was distinctly increased. The blood showed a 
constant change. In the majority of cases the total white cell count 
showed a marked and constant elevation to from 12,000 to 18,000. 
There was a definite increase in polymorphonuclears of from 10 to 15 
per cent, and in most instances, a diminution in lymphocytes of from 
15 to 20 per cent. The cell counts of the spinal fluids are given in 
table 6. 
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PATHOLOGIC ANATOMY 


Autopsies were made in 13 of the 33 fatal cases. The dura and 
pia-arachnoid were usually injected and often edematous. The surface of 
the brain appeared wet, soft and deep gray-pink. In the cases in which 
the cerebral symptoms were pronounced the convolutions showed swell- 
ing and flattening, with hyperemia of the gray matter and here and 
there small hemorrhages. The cord exhibited congestion and a moist 
condition of the dura and pia-arachnoid, and on cross section the gray 
matter usually bulged and was dark gray-pink. Microscopically, the 
earliest change was an infiltration of small round cells around the blood 
vessels of the leptomeninges, most marked in the lumbar and cervical 
regions. The infiltration extended into the fissures of the cord and 
followed the blood vessels. In the cord itself the small blood vessels 
were distended; there were hemorrhages in the gray matter and a 
marked perivascular infiltration, chiefly of lymphocytes. In the severe 


TABLE 6.—Cell Counts of Spinal Fluid in Cases of Poliomyelitis 











Cell Counts in 326 Cases Cell Counts in 33 Fatal Cases 
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0-49 149 0-99 2 
49-99 52 100-199 11 
100-199 80 200-299 7 
200-299 15 300-499 4 
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800-1,000 6 1,000-2,000 2 
1,000-2,000 4 2,000- 1 
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cases the lesions were not confined to the anterior gray matter of the 
cord but extended to the posterior horns and even to the white matter. 
Besides the interstitial reaction with its cellular infiltration, hemorrhage 
and edema, there were always definite changes in the ganglion cells. 
These showed all stages of degeneration from the slightest swelling 
and loss of Nissl bodies to complete destruction. With the degenerative 
process well under way polymorphonuclear and other cells replaced 
the degenerated cells, forming the so-called neuronophages. Other 
changes observed in these autopsies were hyperplasia of lymphatic 
glands and of the spleen and general cloudy swelling of the organs. 
Bronchopneumonia was found in 2 cases. 


TREATMENT 


Since the majority of the patients were admitted after paralysis 
had developed, only a small percentage received serum and no deduc- 
tions can be drawn as to its value in this particular group. In some 
cases there seemed to be marked improvement after its use. Altogether, 
52 patients received varying amounts of either normal or convalescent 
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human serum, intraspinally and intramuscularly; 8 of these died, 7 
showed further paralysis, and 37 suffered no additional paralysis and 
were much improved when discharged. The care in the acute stage 
and during the three to five weeks of required isolation consisted for 
the most part in immobilization of the affected parts in the proper 
position by splints, made of quarter inch wire mesh and properly padded, 
and occasionally by casts, in giving plenty of good foods and fluids, 
in careful attention to elimination, and in administering warm baths, 
making the patient as comfortable as possible and preventing decubitus 
ulcers. 
SUMMARY 


A study was made of 368 cases of epidemic poliomyelitis with 
reference to the initial symptoms, the frequency and extent of the 
paralysis, certain epidemiologic phases of the disease and the clinical 
pathology. 

The initial symptoms in the dromedary and straggling types of the 
disease fell into three main categories: (1) gastrointestinal distur- 
bances, (2) inflammation of the tonsils and of the upper respiratory 
tract and (3) malaise without localization of symptoms. In the type 
with sudden onset the symptoms pointed from the start to involvement 
of the meningeal and nerve tissue. 

Partial paralysis was more common than total paralysis, occurring 
in 246 (67.9 per cent) of the 362 cases. Paralysis of leg muscles was 
more frequent than paralysis of arm muscles. Muscles of the upper 
extremity were more severely affected nearest the trunk; in the leg 
the largest proportion of severe paralysis was in the lower part of the 
leg and foot. 

Two hundred and twelve (57.6 per cent) of the 368 patients were 
children 4 years of age and under. The death rate for the series was 
8.9 per cent. The greatest percentage of deaths occurred in the age 
group from 10 to 19 years. The greatest relative percentage of deaths 
occurred early in the season. 

Examination of the spinal fluid showed in 326 of the cases cell 
counts of from 0 to 2,000 and above. The cell counts in the fatal cases 
were invariably high. Globulin was present in 280 of the cases. 

Observations at necropsy were recorded in 13 of the 33 fatal cases. 

Convalescent serum was used in a small percentage of the cases and 
was of distinct value in most of them. 








CRITICAL REVIEW OF METHODS FOR THE 
EVALUATION OF ANTISEPTICS 


PAUL G. HEINEMAN, Pu.D. 


ALBANY, N. Y. 


My purpose in this article is to discuss accepted methods of testing 
and evaluating antiseptics and to propose new ones which my co-workers 
and I have proved practicable. With a market inundated by preparations 
about which extravagant claims are frequently made, it is apparent that 
all claims should be subjected to standard tests, both in order that the 
public may be protected and in order that the results obtained in 
different laboratories may be comparable. The need at present is for a 
stimulation of interest in the problems involved. 


GENERAL OBSERVATIONS 

In order that consistent results may be obtained, attention must 
be given to cultures, culture mediums and apparatus. As to cultures, it 
is customary to use Staphylococcus aureus and Eberthella typhi. Other 
types of micro-organisms may be employed for special studies, but for 
routine work the two mentioned are generally sufficient. Cf the various 
strains of each type, the government no. 209 strain of Staph. aureus 
and the Hopkins strain of Eberthella typhi may be considered most 
suitable. The resistance of these organisms is maintained by subculturing 
on three consecutive days. In our laboratories, the number of tests to 
be carried out is so great that subcultures are made daily and the culture 
is renewed once a month from cultures or agar slants. 

Virulence is controlled for each test by using phenol solutions. For 
E. typhi, the divisor should be 90 at 20 C. and 120 at 37 C., and for 
Staph. aureus, 60 at 20 C. and 80 at 37 C. 

It is true that lowering of the resistance of an organism is reflected 
by the antiseptic under test as well as by phenol, but the relationship 
is not necessarily the same. Proper resistance is therefore a necessary 
requirement. 

The culture medium is also important. The daily cultures are made 
in a medium composed of peptone, extract of meat and sodium chloride 


From the Bacteriological Laboratory, Winthrop Chemical Company, Inc., 
Rensselaer, N. Y. 
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in distilled water... The reaction is adjusted to py 6.8. This broth is 
suitable for standard organisms, but for special purposes another 
medium may be selected, because there must be abundant growth of 
the organism. For the growth of fungi, Sabouraud’s honey mediums 
are suitable. For yeasts, beerwort is used in our laboratories. 

For carrying on this work, attaining speed and making cultures at 
precise intervals of time we have special apparatus, a metal box with 
a perforated lid. Seeding or medication tubes fit into the holes in the 
cover, and the box contains water, the temperature of which may be 
maintained by the use of chipped ice or hot water, depending on whether 
the test is to be made at 20 or at 37 C. In order that the intervals of 
time may not be disturbed, several 4 mm. loops are kept on a specially 
constructed stand. These loops are flamed and so are ready for rapid use. 


THE PHENOL COEFFICIENT 


The phenol coefficient of an antiseptic is a figure which represents 
a multiple or a fraction of one, this representing dry phenol. Earlier 
methods, known as the Rideal-Walker method and the Hygienic Labora- 
tory method, are now superseded by the method of the Food and Drug 
Administration. The last method is simpler, less time consuming and 
more accurate. 


A series of equally spaced concentrations is prepared by dissolving a dry or by 
diluting a liquid antiseptic with water. No other solvent or diluent should be used. 
An antiseptic which requires different solvents to effect solution is obviously of 
little practical value. 

Five cubic centimeters of each concentration is placed in a seeding tube, the 
tubes being arranged in a suitable apparatus in order that the temperature may be 
adjusted to either 20 or 37 C. 

A prepared series of descending concentrations may be grouped into three 
phases. The concentrations which destroy the micro-organisms may be termed 
the destructive phase, and those which inhibit growth but do not destroy, the bacte- 
riostatic phase; finally, there is the inactive phase. 

Results are read with the naked eye. If there is neither turbidity nor sediment 
after an incubation period of forty-eight hours, the result is considered negative. 
This, however, is not always correct, because the results of destruction and inhibi- 
tion are not distinguishable. It becomes necessary to make special tests for 
bacteriostasis. This is done by carrying over about 1 cc. of the forty-eight hour 
culture to another tube containing broth. The dilution of the antiseptic is then 
high enough to render its effect negligible. However, as the micro-organisms have 
been in contact with an antiseptic for a period of time, growth may be slow. The 
official method calls for a forty-eight hour incubation of the second culture, but 
it has been found that a longer period may be required to produce growth. In 
our laboratories, a seven day period is used for the second culture. 


1. Ruehle, G. L. A., and Brewer, C. M.: Antiseptics Circular no. 198, 
United States Department of Agriculture, Food and Drug Administration, Decem- 
ber 1931. The extract of meat used is Liebig’s. 
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The bacteriostatic phase varies considerably with different antisep- 
tics. Phenol compounds, as a rule, have a small bacteriostatic phase, and 
the error would therefore not be great. Other compounds, such as mer- 
cury and silver salts, have large bacteriostatic phases, and a serious 
error may be involved. An example of what may happen is illustrated 
by the following tabulation, in which the plus sign means growth and 
the minus absence of visible growth. 


Concentration Intervals of Time, Min. 


5 10 15 


1: 4,000 
1: 5,000 — —- 
1: 6,000 
1 
1 
1 


: 7,000 
: 8,000 
: 9,000 


oe aupee 


+++++ | 


Without considering the bacteriostasis, the coefficient would be 8,000 
divided by 60, which represents a phenol coefficient of 133. In this 
case, it is necessary to make a second culture of the 1: 4,000 culture 
at five, ten and fifteen minute intervals and of the 1: 5,000, 1: 6,000, 
1:7,000 and 1:8,000 cultures at ten and fifteen minute intervals. A 
concentration of 1: 3,000 may be desirable in certain tests for bacterio- 
stasis. Cultures are made from all tubes which show no apparent growth 
at the ten and fifteen minute intervals. The 1: 4,000 culture may show 
growth in five minutes but not in ten, in the second culture. In the 
1: 6,000 and 1: 7,000 cultures there may be growth in ten minutes but 
none in fifteen in the second culture. Therefore, the coefficient should 
really be 4,000 divided by 60 or 67. 

This example shows the possibility of a serious error if tests for 
bacteriostasis are not made on cultures which show no visible growth. 
It also shows that correct figures cannot be obtained unless bacterio- 
stasis receives proper consideration. However, in our laboratories, it 
has been impossible to find a phenol coefficient which approximates some 
fabulously high published ones. 

The presence of serum usually diminishes the phenol coefficient. In 
our laboratories, additional tests are made by adding 0.5 cc. of sterile 
horse serum to 5 cc. of the antiseptic. In some cases it may be desirable 
to use even more serum, as much as 20 per cent or even more. With 
increasing amounts of serum, the figure diminishes, but the proportion 
varies considerably when different antiseptics are tested. Tests with 
the addition of serum are especially desirable when the antiseptic is 


recommended for use in open wounds. 
The determination of a phenol coefficient should not be regarded 
as final unless periodic tests covering at least a year have been made, 
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with the same antiseptic solution being used for all tests. If these tests 
yield the same coefficient or one within reasonable variation, the anti- 
septic solution may be considered stable. Not infrequently, a progressive 
reduction of the figure will be observed. 


TESTS FOR INHIBITION AND PENETRATION 


The official methods for testing the possibilities of an antiseptic as 
regards penetration and inhibition are the agar plate and agar plate cup 


methods. 


A rubber stopper, 18 mm. in diameter, is placed in the center of a Petri dish, 
which is then sterilized. To 10 cc. of Food and Drug Administration agar, 0.1 cc. 
of a twenty-four hour culture of the test organism is added after the melted agar 
has cooled to 45 C. The mixture is poured on the Petri dish and allowed to solidify. 
The rubber stopper is then removed, leaving a central cavity. A small amount of 
liquid agar is placed at the bottom of the cavity in order to seal it. 

The cavity is filled with the antiseptic to be tested, and the preparation is then 
incubated at 37 C. for forty-eight hours. According to the capacity of the anti- 
septic to penetrate and destroy the micro-organism or inhibit its growth, a clear 
zone is formed around the cavity, the width of which is expressed in millimeters. 
In the method given by the Food and Drug Administration, the inoculated agar is 
poured on a Petri dish and a cavity is prepared by using a cork borer or similar 
instrument. The rubber stopper has the advantage of being readily removed and 
thus reducing the risk of contamination by way of the air. 

If it is desirable to distinguish between inhibition and destruction, small pieces 
of culture from the clear zone are placed in tubes containing broth and these are 
then incubated to determine whether growth will result. 

The agar plate method differs from the agar plate cup method in that no cavity 
is sought; the test substance is spread on the surface of the inoculated agar. The 
agar plate method is, obviously, applicable only to solid or semisolid substances, 
such as ointments and pastes. 

If the test substance is volatile, a serious error may arise. Tincture of iodine, 
for example, volatilizes to some extent, and the vapors may spread over part of, 
or the whole of, the agar surface. This error may be prevented, at least in part, by 
covering the cavity with a cover glass of suitable size. 

When ointments are being tested by this method, the results will show whether 
the composition of the ointment is made up of material which is miscible with 
water or not. 

Such antiseptics in relatively high concentrations may precipitate some of the 
agar. In such a case, an opaque zone is formed around the cavity, while a clear 
zone is formed around the opaque zone. 


These methods of testing antiseptics are designed to furnish some 
information as to the possibility that the antiseptics will penetrate tissues 
to which they are applied, but it seems obvious that from the standpoint 
of penetrability agar and tissues may be quite different. Such tests are 
of value as a means of comparing different preparations, but no sweep- 
ing conclusions as to the results of human application can be drawn. 
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In testing antiseptics by the agar plate and agar plate cup methods, 
it is generally desirable to make parallel tests with agar containing 10 
per cent serum. In the presence of serum, in most cases, the clear zone 
is smaller than when there is no such addition. 


WET AND DRY FILTER PAPER METHODS 


The wet and dry filter paper methods are used for testing some solid 
substances, such as pastes, ointments and solutions in oil. 


Small squares of filter paper are sterilized and soaked in a culture of the 
organism employed, usually Staph. aureus. For testing solutions in oil and oint- 
ments, these soaked squares are dried in a Petri dish at 37 C. By using squares 
of the same size, some quantitative relationship is established. 

The tested pieces of filter paper are placed in tubes containing broth and are 
incubated. When dry filter papers are used, there is more certainty that surviving 
organisms will grow than with the use of wet papers on which ointments or solu- 
tions in oil are used. Additional difficulties arise from the fact that as a general 
rule micro-organisms in oil resist antiseptics and heat more successfully than those 
in aqueous suspensions. 


It seems that the agar cup and agar cup plate methods yield more 
dependable results than does the filter paper method, because penetration 
of the agar jelly is the important factor. 


TESTS FOR GERMICIDES 

No standard method of testing for germicidal properties is available, 
but it would be desirable if a claim for such properties could be interpreted 
as meaning something definite. In order to obtain comparable results 
from such tests there should be agreement on the amount of culture to 
be used, the amount of mixture of culture and antiseptic to be carried 
over for culturing, and the temperature and period of incubation. 

In the absence of recognized methods, the following plan has been 
adopted in our laboratories: 


To 5 cc. of the antiseptic in a seeding tube is added 0.5 cc. of the twenty-four 
hour culture of the organism. In most cases Staph. aureus is needed. From the 
mixture, one 4 mm. loopful is carried over into 10 cc. of broth after the following 
intervals of time: two and one-half, five, ten, fifteen, thirty minutes; one, two, 
three hours; one, two, seven days. If closer results are desirable, the experiments 
may be repeated and cultures prepared at closer intervals. 


Such determinations are of importance when medicaments are dis- 
pensed in multiple dose containers. If the medicament possesses anti- 
septic properties, occasional contamination resulting from removing part 
of the contents of the container will be corrected before the next dose 


is removed. 
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TESTS FOR FUNGICIDES 


For determining the value of an antiseptic as a fungicide, the fol- 
lowing method is used in our laboratories. Inasmuch as no standards 
for this work are available, the following fungi have been used: Tricho- 
phyton gypseum, Trichophyton interdigitale and Penicitlium glaucum. 


Sabouraud’s honey broth and honey agar are used. The fungus is grown on 
slants of honey agar for seven days at room temperature in a dark place. On the 
seventh day the growth is scraped off and placed in a bottle containing a few glass 
beads and physiologic solution of sodium chloride. The bottle is placed in a shaking 
machine such as is used in the preparation of bacterial vaccines. After being 
shaken for about ten minutes, the content of the bottle is strained through a double 
layer of sterilized cheesecloth under aseptic conditions. From the strained suspen- 
sion, a small amount is placed on a Hausser bacteria counter, and the number of 
spores is adjusted to 10,000 per cubic millimeter. 

From this suspension, which constitutes a uniform starting point, any of the 
determinations mentioned may be made with the modification that 0.1 cc. of the 
suspension is introduced into 10 cc. of the antiseptic. At the required intervals of 
time, two 4 mm. loopfuls are carried over to 10 cc. of Sabouraud’s honey broth, 
and the tubes are incubated at room temperature for thirty days. Tests for fungi- 
static activity are made by carrying 1 cc. of the first culture over to 10 cc. of 
Sabouraud’s honey broth. 

MISCELLANEOUS TESTS 


There are on the market mouth washes, gargles, tooth pastes, cough 
drops, tablets and other preparations for which germicidal properties are 
claimed. It is obvious that conditions in the mouth are hard to reproduce 
in vitro. The saliva changes constantly and differs with each person. 
Constant and dependable results cannot, therefore, be expected. In our 
laboratories, many experiments have been made, with results far from 
uniform. If an antiseptic is to be of value in the buccal cavity, it must 
be of relatively high concentration, but in that case the tissues suffer. 
However, as long as preparations for which antiseptic claims are made 
are permitted to be sold there should be some standard method of testing 
for their antiseptic value. 

Mouth washes and gargles may be tested for their phenol coefficients. 
Tooth pastes and preparations of similar consistency may be tested by 
the agar plate and agar cup plate methods. A minimal width of clear 
zone might be agreed on. The filter paper method is also applicable 
to this class of preparations. For antiseptic tablets and cough drops, the 
following method is used in our laboratories: 


Four tablets or cough drops are dissolved in 4, 6, 8 and 10 cc. of distilled water, 
respectively. A loopful of a twenty-four hour culture of Staph. aureus is used with 
each solution. One 4 mm. loopful of each of the solutions is carried over into tubes 
containing 10 cc. of broth at intervals of two and a half, five, seven and a half and 
ten minutes. After forty-eight hours of incubation at 37 C., there should be no 
growth in the 1:10 solution after five minutes. Obviously there must be a definite 
amount of antiseptic in each tablet to bring about this result. 
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SUM MARY 


In this article attention has been called to possible sources of error 
which may influence the results of tests made according to established 
methods. Furthermore, some methods have been described, methods 
which have been used for years in determining the germicidal and 
fungicidal properties of antiseptics. 

It appears expedient that uniform methods should be adopted by 
all laboratories where values of preparations which are offered on the 
market as antiseptics are subject to scrutiny. The following methods 
are recommended : 


1. A culture medium must be used which is conducive to ample growth of the 
test organism. 

2. To each tube containing 5 cc. of the antiseptic in a given concentration 0.5 cc. 
of the culture is added. From each of the mixtures (with decreasing concentrations 
of the antiseptic) at intervals of five, ten and fifteen minutes, one 4 mm. loopful 
is carried over into tubes containing broth (10 cc. each). The content of the 
4 mm. loop consists of ten-elevenths antiseptic and one-eleventh culture. There- 
fore, the culture must contain ample growth in order that the amount of antiseptic 
carried over may be small. 

3. The tubes inoculated after five, ten and fifteen minutes are incubated at 
37 C. for forty-eight hours. 

4. From the forty-eight hour cultures of the concentrations which after the five 
minute exposure show growth and after the ten minute exposure show no growth 
and from those of the lowest concentrations which after the five minute exposure 
show no growth 1 cc. amounts, respectively, are carried over into a second series 
of broth tubes. This series is incubated at 37 C. for seven days. 

5. Phenol solutions are prepared and mixed with 0.5 cc. of the culture to 
determine whether the resistance of the organism is satisfactory. 

6. Tests for germicidal activity are made in the same manner as tests for the 
phenol coefficient with the exception that cultures are prepared at different inter- 
vals of time. 

7. When agar plate and agar plate cup methods are used, the clear as well 
as the opaque areas are measured for size. Cultures are prepared from the opaque 
zones and may also be made from the clear zones. 

8. Determinations of fungicidal properties are made in Sabouraud’s honey 
mediums. Determinations of fungistatic activity are made in a like manner. 

9. The inoculum for a test of a fungicide consists of a suspension of 10,000 
spores per cubic millimeter. 


It is emphasized that the methods herein outlined for determinations 
for which no standard method is available are provisional only. The 
purpose is to demonstrate that methods can be worked out and to stimu- 
late interest in the setting of standards so that work in various labora- 


tories may yield comparable results. 
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COLLOID (PARAPHYSIAL) CYST OF THE 
THIRD VENTRICLE 


EUGENE F. TRAUT, M.D. 
AND 

EUGENE C. PIETTE, M.D. 
CHICAGO 


A colloid (Weisenburg*; Dandy *) or neuro-epithelial (Bailey *) 
cyst in the third ventricle of the brain is of interest because of its rarity, 
the peculiarly intermittent, dramatic symptoms and the possibility of an 
accurate diagnosis and surgical cure or termination otherwise in sudden 
death. Including Rehbock’s* three cases, fifty-five instances of this 
apparently innocent little grapelike structure have been reported. The 
cyst produces most of the symptoms and causes death by its ball valve 
occlusion of the foramen of Monro or of the aqueduct of Sylvius. The 
evidence of such interference with the flow of spinal fluid may be the 
only symptom. Until some sign of increased intracranial pressure is 
present, the patient’s complaints are often assumed to be due to migraine 
or to other conditions unassociated with structural change in the brain. 
Indeed, in our case a consultant suggested cerebral angioneurotic edema 
as the underlying cause of the symptoms and findings. Dandy? diag- 
nosed the condition in, and successfully operated on, five patients, but 
once he explored the brain of a patient presenting the characteristic 
symptoms and findings without discovering any tumor. 


REPORT OF A _ CASE 


The patient was a married woman of 29 years. She was referred to one of us 
(E. F. T.) June 26, 1936, by Dr. Georgiana Theobald because of headache and 
dimness of vision. Headache had accompanied menstruation for the last four years. 
Nausea did not accompany these conditions. She had, however, vomited with the 
headache one month before this. For the last two months the headaches had been 
constant and more severe, and at times pounding. They did not awaken her at 
night. They were made worse by reading, leaning over or arising from bed. On 
arising from the lying position she became dizzy, and “things went black.” The 


From the John McCormick Institute for Infectious Diseases and the West 
Suburban Hospital. 

1. Weisenburg, T. H.: Brain 33:236, 1911. 

2. Dandy, W. E.: Benign Tumors in the Third Ventricle, Springfieid, IIL., 
Charles C. Thomas, Publisher, 1933. 


3. Bailey, P., quoted by Rinder, C. O., and Cannon, P. R.: Arch. Neurol. & 
Psychiat. 30:880, 1933. 


4. Rehbock, D. J.: Arch. Path. 21:524, 1936. 
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headache seemed to start in the occiput and radiate forward. She had a tired sen- 
sation in the neck. There had been no weakness of any muscles. She had never 
had diplopia. For eighteen months her vision had been so poor that she could not 
sew. Glasses did not help. Her general condition was fair, with menstruation 
regular and rather profuse. She had used contraceptives and had never been 
pregnant. Her parents were well. They had never had headache. Seven years 
previously she struck her head against the top of an automobile. 

She was of average constitution, tending toward the asthenic habitus. She was 
5 feet (152.4 cm.) tall and weighed 111 pounds (50.4 Kg.). Her blood pressure 
was 128 systolic and 72 diastolic. Her pulse rate was 72. There was tenderness 
over the cervical vertebrae. She had good strength in all the extremities. All 
reflexes, including the pupillary, were normal. There was no external ocular 
palsy. The superficial and deep sensibilities were intact. She showed slight ataxia 
in the finger to finger test. Urinalysis and a blood count disclosed nothing 
abnormal. The Kahn test on the blood was negative. The optic disks were some- 
times swollen and at other times not swollen, and the diameter of the retinal veins 
varied accordingly. The visual fields were never constricted. To whisper tests 
the hearing was normal. The spinal fluid was under moderately (unmeasured) 
increased pressure. It was clear. There were no cells. The Pandy test was 
negative. The sugar was 61 mg., and the total protein was 22 mg. per hundred 
cubic centimeters. An x-ray picture of the skull showed nothing abnormal. 

The headaches became worse. She had the sensation of a bug fluttering in her 
ear and of the roaring of the ocean. Ventriculography was refused. Oct. 2, 1936, 
three months after being seen, she became stuporous following a chiropractic 
manipulation. She was dead in a few seconds. 

Postmortem Examination—The body was examined a few hours after death. 
The brain disclosed a cystic tumor the size of a pea (8 mm. in diameter) located in 
the center of the third ventricle and apparently obstructing the outlet. The tumor 
was firmly adherent to the choroid plexus. An internal hydrocephalus was present, 
the size of the lateral ventricles being increased about 25 per cent. The brain was 
edematous, and the convolutions were markedly flattened. The heart was well 
contracted; the myocardium was soft. The liver, spleen and kidneys showed 
moderate cyanotic induration. Other details are of no essential importance. 

Microscopic Examination of the Cyst.——The lining of the cyst was composed of 
a thin fibrous sheet and two or three layers of flattened epithelial cells, apparently 
possessing no cilia. No psammoma bodies were found in the wall. The colloid-like 
content of the cyst did not present any actinomyces-like structures (artefacts) 
such as have been observed by some authors (Dandy 2) or any crystalline concre- 
tions; it was homogeneous and predominantly acidophilic. 

Anatomic Diagnosis —The location of the tumor in “a very selected spot” of the 
third ventricle and its appearance as a well encapsulated cyst sufficed to establish 
the diagnosis. Dandy wrote: “There is rarely any doubt about the identity of this 
tumor even with the most casual description. A photograph alone will make the 
diagnosis . . . [these tumors] are unlike, so far as I know, any other tumors 
in the brain and perhaps in the body.” 


GENERAL DESCRIPTION FROM REPORTS IN THE LITERATURE 


The size of cysts of the type described has varied from that of a 
small pea to that of a marble, being usually from 1 to 2 cm. in diameter ; 
a few were from 4 to 5 cm. in diameter. They are always well encap- 


sulated. The contents are characterized as colloid, gelatinous, mucus-like 
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or resembling white of egg or jelly. After fixation in solution of for- 
maldehyde U. S. P. the material becomes solid, can be sectioned easily 
and may present crystals or artefacts. In 25 per cent of the cases attach- 
ment to the choroid plexus has been mentioned. 

The anomaly is usually thought to have its origin in the choroid plexus 
or in the ependyma. But the location in “a very selected spot in the ante- 
rior and superior part of the third ventricle” and in no other place in the 
brain suggests an embryonic basis. This is the location of the paraphysis. 
Sjovall ° suggested such a course. The presence of cilia strongly indicates 
an ependymal character (in contrast to that of the choroid plexus). 
Sjévall’s conception was supported by Bailey (1916), who found rem- 
nants of the paraphysial pouch in human embryos of 19 mm. and fol- 





The cyst, consisting of two closely attached parts, is right in the center of the 
illustration. It is firmly adherent to the choroid plexus behind. 


lowed such remnants of human embryos to the stage of 32 mm. Then 
such remnants disappear. 

This patient had a typical history of intermittent headache and vom- 
iting occurring on change of posture, with intermittent papilledema and 
absence of peripheral symptoms and signs. In spite of marked changes 
in the fundus the visual fields showed no abnormality. The intermittent 
swelling of the optic disk caused difficulties because at the time of exami- 
nation by a consultant the disk might not be swollen. 

The name “colloid (paraphysial) cyst” is applied to the tumor in 
this case because the term “colloid” is descriptive and well established 
while the other adjective suggests the origin and the embryologic 
significance of the cyst. 


5. Sjévall, E.: Beitr. z. path. Anat. u. z. allg. Path. 47:248, 1909. 
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NONTUBERCULOUS DISEASE OF THE UPPER LOBES 
OF THE LUNGS SIMULATING TUBERCULOSIS 


B. R. LOVETT, M.D. 


OAK TERRACE, MINN. 


Chronic diseases of the lungs sometimes present such similar pictures 
that differentiation between them is not easy. The underlying pathologic 
processes, exudation, infiltration, fibrosis and necrosis, are common to 
a variety of etiologic conditions, and the shadows which they cast on the 
x-ray film are not always characteristic for any one. This is true also of 
the accompanying symptoms of cough, expectoration, pain, fever, loss 
of strength and weight. Physical signs are usually of even less help than 
the symptoms. In the absence of bacteriologic proof, the whole picture 
in a given case may be such as to fit tuberculosis or nontuberculous 
disease equally well. 

In general, as is well known, lesions involving the upper lobes are 
more often due to tuberculosis, and those of the lower lobes, to other 
conditions. However, numerous exceptions make the location of the 
lesion an unsafe guide to its etiology. Basal tuberculous lesions are not 
infrequent, and such diseases as abscess, carcinoma and even bronchiec- 
tasis are being more frequently recognized in the upper lobes. In the 
past, in many instances the latter conditions must have been diagnosed 
as tuberculous. Patients with these conditions are being seen in the sana- 
toriums for patients with tuberculosis, where the true nature of their 
disease is recognized sometimes after complete examination, sometimes 
only after months of observation or at necropsy. A survey of nontuber- 
culous patients admitted to Glen Lake Sanatorium reveals a number of 
cases of chronic pulmonary diseases involving exclusively or primarily 
the upper lobes, in which the preliminary diagnosis of tuberculosis was 
later found to be wrong. 

CASE 1 

A. P., a man 46 years of age, was admitted on March 11, 1937. He gave a 
history of cough and expectoration for two months, loss of 15 pounds (6.8 Kg.) 
in weight, chills several times and some pain in the lower part of the back but 
none in the chest. The temperature was not known. Since the onset of these 
symptoms, he had been attending a clinic for patients with diseases of the chest, 
whence he was referred to the sanatorium with the diagnosis of tuberculosis. On 
admission he appeared ill, coughed, expectorated a half ounce (15.5 Gm.) of 


mucopurulent sputum a day, had an afternoon rise of temperature to 102 or 103 F. 








From the Glen Lake Sanatorium. 
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and showed general weakness. The left lung was normal. On the right side 
there was dulness of the upper half of the chest, with diminished breath sounds, 
increased voice sounds and a few rales posteriorly. The x-ray film (fig. 1) 
showed consolidation of the upper lobe of the right lung, with probable cavitation. 
The hemoglobin was 85 per cent, and the white blood cell count 19,000, with 
90 per cent neutrophils. The sputum revealed no tubercle bacilli on smear. At 
admission the diagnosis was tuberculosis, and pneumothorax was induced on 
March 26. In spite of a moderate collapse of the right lung, the patient did not 
improve but continued to be very weak, coughed a great deal and complained 
frequently of pain in the chest. A pleural effusion appeared, and “refills” were 
discontinued. He began raising bloody sputum at the end of June. Tubercle 
bacilli did not appear even on inoculation of suspected material in guinea pigs. 





Fig. 1 (case 1).—Consolidation of the upper lobe of the right lung, with 
cavitation. 


The patient died on July 16, following a large hemoptysis, about six months after 
the onset of symptoms. 

At necropsy, the left lung was normal; the right, markedly collapsed and firm. 
At the origin of the bronchus to the upper lobe of this lung, the bronchial wall 
was necrotic and eroded away, giving communication with a cavity resulting from 
necrosis of lung tissue. At the base of the upper lobe was a second area of 
necrosis forming a cavity. Microscopic examination revealed squamous cell 
carcinoma of the bronchus. 

This patient, first seen in the stage of marked involvement of the lung, 
presented a clinical picture which fitted equally well a diagnosis of tuberculosis 
or a diagnosis of carcinoma. The consolidated, necrotic and excavating lesion 
in the right upper lobe made an x-ray picture consistent with tuberculosis. 
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However, the steady downhill course of the patient and the sputum that failed to 
yield tuberculous lesions in a guinea pig made the diagnosis of tuberculosis seem 
very doubtful, after a period of observation. Bronchoscopy might have revealed 
the necrotic tumor in the bronchus and enabled one to make a correct diagnosis, 


CASES 2 AND 3 


Two other patients with carcinoma of the upper lobe of a lung have been 
referred to the sanatorium with the diagnosis of tuberculosis. The history given 
by these also was that of chronic pulmonary disease without distinguishing 
characteristics. The sputum showed no tubercle bacilli on smear and when 
inoculated in a guinea pig produced no lesion containing the bacilli. Roentgen 
examination of the first patient showed consolidation of the left upper lobe. The 
diagnosis was made at necropsy. The other patient had a smooth infiltration of 
the left upper lobe at the time of admission, consistent with either tuberculosis 
or carcinoma. Bronchoscopic examination revealed nothing. The subsequent 
course and the x-ray films established the diagnosis of carcinoma. 


Many persons with primary carcinoma of the lung must have died 
with the diagnosis of tuberculosis. However, such a mistake in diagnosis 
is being made much less frequently, owing partly to improved diagnostic 
procedures but also in no small measure to keeping the possibility of 
carcinoma in mind. Involvement of an upper lobe is frequent. Simons ! 
in his recent book collected figures from the literature and found that 
there had been reported 348 tumors of upper lobes and 301 of middle 
and lower lobes. He described the lobar tumor as especially likely to 
simulate tuberculosis on account of its location. Of the patients admitted 
to the Jefferson Hospital, Philadelphia, for tuberculosis, 1 in 250 had 
carcinoma of the lung (Simons). Arkin and Wagner,” in a series of 
necropsies, found 37 tumors in upper lobes, 24 in lower lobes and 13 
involving single entire lungs. Jaffé*® found 55 tumors in upper and 33 
in lower lobes. Most reports agree with these that primary carcinoma 
of the lungs is slightly more frequent in upper lobes, although Vinson,‘ 
in a series of cases in which the diagnoses were made by bronchoscopy, 
found the majority of the early tumors in main and lower lobe bronchi. 


CASE 4 
Mrs. M. S., 21 years old, was admitted on July 8, 1937, with the diagnosis 
of tuberculosis and six months’ pregnancy. In July 1936, she had had broncho- 
pneumonia, and the x-ray film at that time showed mottled infiltration in the lower 
lobe of the right lung. The following May another x-ray film, taken because of 
pregnancy and a positive reaction to tuberculin, showed essentially the same lesion. 


1. Simons, E. J.: Primary Carcinoma of the Lung, Chicago, The Year Book 
Publishers, Inc., 1937. 

2. Arkin, A., and Wagner, D. H.: J. A. M. A. 106:587, 1936. 

3. Jaffé, R. H.: J. Lab. & Clin. Med. 20:1227, 1935. 

4. Vinson, P. P.: Minnesota Med. 15:15, 1932. 
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This lesion was diagnosed as tuberculous on account of its persistence. The only 
symptom at this time was pleuritic pain on the right. On admission, following 
severe sunburn, she was acutely ill, with pleural effusion on this side (fig. 2 4). 
The temperature was 102 F. She was dyspneic and slightly cyanotic for about 
one week. There was severe dry cough. Only small amounts of clear yellow 
fluid could be obtained by aspiration, The fluid did not contain tubercle bacilli 








Fig. 2 (case 4).—A, pleural effusion on the right side; B, cavity in the upper 
lobe of the right lung; C, healing of the cavity, with elevation of the right side 
of the diaphragm. 


or other organisms. She improved spontaneously, and on July 31 another x-ray 
film showed disappearance of the fluid except at the base, with density over the 
right upper lobe, interpreted as infiltration and atelectasis. The symptoms had 
4 almost entirely disappeared, and the patient felt well. On August 28, however, 
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the cough recurred and became severe, and several days later she raised large 
amounts of purulent sputum. This, the first obtained, was repeatedly negative 
for tubercle bacilli. It was not foul at any time. Dulness, diminished breath 
sounds and coarse rales were heard over the right upper part of the chest. An 
x-ray film (fig. 2B) showed a large cavity occupying the formerly dense area 
of the right upper lobe. The temperature remained normal except for a slight 
elevation one day. The leukocyte count was normal except for a slight increase 
in the percentage of neutrophils. The suddenness of the appearance of this cavity 
with large amounts of sputum free from bacilli was strongly in favor of a diagnosis 
of abscess. However, the clinical picture of pleural effusion preceded by mottled 
infiltration, which had been present for one year, and followed by cavitation in 
the right upper lobe was too strongly suggestive of tuberculosis for a definite 
decision to be made immediately. The amount of sputum gradually decreased, 
disappearing by September 18, and from this time on the patient felt well. 
She gave birth to her child October 9, uneventfully. A few days later, to 
prevent possible enlargement of the cavity from descent of the right side of the 
diaphragm, right phreniphraxis was done. Subsequent x-ray films showed rapid 
decrease in the size of the cavity, and it could no longer be seen on the film of 
October 21 (fig. 2C). Guinea pigs given injections of pleural fluid and sputum 
showed no evidence of tuberculosis. A diagnosis of nontuberculous abscess of the 
lung was made, and the patient was discharged to the care of her private physician. 


The whole course of this illness, the sudden appearance and evacua- 
tion of the cavity, followed by healing, was much too rapid for a tuber- 
culous process. The nature of the pleural effusion remains somewhat 
in doubt. In spite of the absence of bacilli, the condition may have been 
tuberculosis followed by an independent abscess. Or could the effusion 
have been an early symptom of the abscess itself? The density which 
subsequently became a cavity was first seen twenty-three days after the 
development of the effusion. 

Pulmonary abscess may occur in any part of the lung but is more 
frequent in the lower lobes. Kline and Berger® reported 4 simple 
abscesses in upper lobes and 7 in lower, also 20 gangrenous abscesses in 
upper lobes and 40 in lower. Lueth and Sutton ® found abscess most 
frequent in the middle third of the right lung and the lower thirds of 
both lungs, next in the lower and middle thirds of the left lung and least 
frequent in the upper thirds. According to Emerson ‘ also, this condition 
is most frequent in the lower lobes, but even so it is frequently diag- 
nosed as tuberculosis. 

The history and character of the sputum seem more enlightening in 
pulmonary abscess than in the other pulmonary diseases. Thus, another 
patient admitted to the sanatorium with abscess of an upper lobe dated 
his illness from a choking spell while eating, followed by severe coughing. 


5. Kline, B. S., and Berger, S. S.: Arch. Int. Med. 56:753, 1935. 
6. Lueth, H. C., and Sutton, D. C.: J. Lab. & Clin. Med. 21:1056, 1936. 
7. Emerson, E. B.: New England J. Med. 210:365, 1934. 
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Two weeks later, foul odor of the sputum was noticed. A cavity was 
detected in the right upper lobe, for which pneumothorax was induced. 
Eventually a bronchial fistula developed with empyema, and the patient 
was sent to the sanatorium. He was kept only long enough for drainage 
of the empyema. The diagnosis of abscess seemed justified by the history 
of onset following aspiration of food and of foul sputum negative for 
tubercle bacilli. 
CASE 5 

Mrs. T. M., 43 years of age, was first admitted on April 21, 1934. She had 
had a cough with slight morning expectoration for nine years, and six years ago 
she had a hemorrhage. Again in February 1934 she raised a half cupful of blood 
three times. Some shortness of breath, pain in the right side of the chest and 
weakness following the hemorrhage had been noted, but no loss of weight or other 
constitutional symptoms. On examination at the time of admission she appeared 
in fair health and weighed 160 pounds (72.5 Kg.). Over the upper halves of 
both lungs were moderately coarse moist rales. The x-ray film (fig. 3.4) showed 
fibroid infiltration to the third rib on each side, an appearance characteristic of 
tuberculosis. The bases of the lungs were clear. The sputum, an ounce (31 cc.) 
or more daily, mucopurulent, was negative for tubercle bacilli, and inoculation in 
a guinea pig gave negative results. She reacted positively to tuberculin, but her 
three youngest children, under 9 years of age, all gave negative reactions. Iodized 
poppyseed oil 40 per cent injected into the bases of the lungs did not reveal 
bronchiectasis. The patient was discharged as having a nontuberculous pulmonary 
disease, probably bronchiectasis. In March 1937 she returned to the sanatorium 
with the same symptoms, and again positive evidence of tuberculosis was lacking. 
Injection of iodized oil into the bronchi of the right upper lobe showed definite 
marked dilatation (fig. 3B). A diagnosis of bronchiectasis of both upper lobes 
was made. In this case, the long duration of symptoms, especially the hemor- 
rhages, without marked constitutional impairment, and the negative reactions of 
the children made tuberculosis seem unlikely in spite of the bilateral apical involve- 
ment. 

CASE 6 

A. C., a single woman 24 years old, entered the sanatorium on March 29, 1933. 
She had had cough for five years, more severe for twelve months, accompanied 
by expectoration of an ounce or two (31 to 62 cc.) of mucopurulent sputum. 
There was no loss of weight, fever or other constitutional symptom. Examination 
at the time of admission showed moderately coarse moist rales after cough over 
the upper half of the chest on both sides. The sputum was free from tubercle 
bacilli, the blood count normal and the tuberculin test negative. On the 
x-ray film (fig. 4) there was evidence of fibroid and exudative infiltration from 
the apexes to the fourth ribs. Both the x-ray film and the physical findings were 
typical of tuberculosis. However, the sputum continued to give no indication 
of this disease, and the reaction to 1 mg. of old tuberculin remained negative. 
Marked sinusitis was found as a possible etiologic factor. Iodized oil was injected 
several times, but only the lower bronchi could be filled, and only one or two 
slight dilatations were demonstrated in this region. With tuberculosis excluded, 
a diagnosis of bronchiectasis of the upper lobes was made, even though it was 
not shown by the injections of iodized oil. This patient died at home some three 
years later, the cause of death being bronchiectasis, pneumonia and cardiac failure. 
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Fig. 3 (case 5).—A, fibroid infiltration of the upper lobes; B, bronchiectasis 
shown by injected iodized oil. 





Fig. 4 (case 6).—Fibroid infiltration in an upper lobe. 
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CASES 7 TO 12 


Six additional patients have been referred to the sanatorium, each with 
bronchiectasis involving an entire lung but with the major involvement above so 
as to simulate tuberculosis. Four of these had extensive unilateral cavitation, most 
marked in the upper lobe. For one the diagnosis was made only at necropsy, the 
patient living less than one month after admission. No evidence of tuberculosis 
past or present was found. For the others the diagnoses were made during life. 
One of them also came to necropsy, and again typical bronchiectasis without 
tuberculosis was found. 


Bronchiectasis is responsible for more mistakes in diagnosis than any 
other chronic pulmonary disease, if one may judge by admissions to sana- 
toriums. The majority of the patients at Glen Lake Sanatorium who 
do not have tuberculosis have bronchiectasis. One of the chief charac- 
teristics of the latter is the basal location. However, exceptions become 
more numerous if they are carefully looked for and the possibility of 
bronchiectasis of the upper lobe kept in mind. The diagnosis is often 
suggested by the long duration of the local symptoms without much 
general reaction, the amount and character of the sputum and the 
absence of tubercle bacilli as shown by injecting sputum into guinea 
pigs. Of the physical signs, the only suggestive one seems to be the 
large number of moist rales in comparison with the findings on x-ray 
films. Certainly it is worth while to attempt an injection of iodized oil 
into the bronchi of the upper lobes in these doubtful cases. 

Dilatation of the bronchi of an upper lobe secondary to a tuberculous 
lesion, from distortion or obstruction, is not uncommon. However, in the 
cases described, I believe tuberculosis is not an etiologic factor. There 
was never a history of tuberculosis in the past. Inoculations of sputum 
in guinea pigs all gave negative results. Two patients who came to 
necropsy disclosed a generalized type of bronchiectasis without evidence 
of tuberculosis. 

In the literature, Liveragni and Magno * reported 9 cases in which 
bronchiectasis was confined to one upper lobe and 3 cases in which it 
involved one entire lung. In all these they found the sputum free from 
tubercle bacilli. They expressed the belief that bronchiectasis of the 
upper lobes exists more often than it is diagnosed. This is partly because 
of the common conception that most apical disease is tuberculous while 
basal disease is bronchiectatic, and partly because of technical difficulty 
in injecting oil into the bronchi of the upper lobes. Steidl and Heise °® 
recently reported a case of bilateral apical nontuberculous bronchiectasis, 
well demonstrated by an injection of iodized oil. Fletcher,’ in a study of 
100 proved cases of bronchiectasis, did not find any cases in which this 


8. Liveragni, E., and Magno, N.: Minerva med. 1:461, 1937. 
9. Steidl, J., and Heise, F. H.: Am. Rev. Tuberc. 33:61, 1936. 
10. Fletcher, E.: J. Thoracic Surg. 4:460, 1935. 
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condition was purely apical, but found 4 cases of marked involvement of 
the upper lobes along with the lower. Emerson * and Parramore '' have 
discussed the location of bronchectasis in their differentiation of this 
disease from tuberculosis. 
SUMMARY 

The cases of nontuberculous disease of the upper lobes of the lungs, 
observed in a sanatorium for tuberculosis, are described. The true diag- 
noses in these cases were carcinoma, abscess and bronchiectasis. In some 
of the cases the condition was recognized during the life of the patient 
from the history and course of the disease, serial x-ray films or further 
laboratory work. In others the nature of the disease was determined 
only at necropsy. In chronic disease of an upper lobe with sputum free 
from tubercle bacilli, search should be made for causes other than tuber- 


culosis. 


11. Parramore, J. O.: J. Indiana M. A. 28:118, 1935. 
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GOITER AND MALIGNANT GROWTH OF THE 
THYROID IN THE DOG 


DAVID J. DAVIS, M.D. 


CHICAGO 


The primary objects in this paper are first, to present certain obser- 
vations which might be helpful in experimental studies on the thyroid ; 
second, to contribute data bearing on hyperplasia of this gland with 
especial reference to transitional and terminal stages of malignant 
growth. 

In solving the problem of the function of the thyroid, it is important 
to study this gland not only in man but in the lower animals. One 
should devote especial attention to the dog, which is suitable for most 
physiologic experiments and has been used extensively in work on the 
thyroid. Already, because workers were not familiar with the thyroid 
in this animal, some rather costly experimental mistakes have been 
made. 

As regards thyroid activity, the dog is similar to man in many ways. 
For example, not infrequently the canine thyroid undergoes hyper- 
plasia comparable to that seen in the human gland; likewise goiters 
appear in dogs in the same general geographic areas as goiters in 
human beings. 

In point also are the observations made by Hertzler * in connection 
with the total extirpation of the thyroid in man in later years in order 
to combat a possible cardiac injury. They indicate in a pertinent way 
the importance of controlled experiments in both human beings and 
animals. 

In certain other ways, however, the thyroid in the dog is unique. 
Illustrating this are the many aberrant masses widely distributed in the 
neck region, extending from the base of the tongue down to and within 
the pericardial sac. In this respect the dog is different from all other 
known animals, including man. Recently Kampmeier * has pointed this 
out. 

From the Department of Pathology, Bacteriology and Public Health, Uni- 
versity of Illinois College of Medicine. 

1. Hertzler, A. E.: Surgical Pathology of the Thyroid Gland, Philadelphia, 
J. B. Lippincott Company, 1936. 

2. Kampmeier, R. H.: Univ. of Illinois Bull. 35:1, 1937. 
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OBSERVATIONS ON GOITROUS DOGS 


Over a period of years dogs with relatively large goitrous swellings 
were examined as they appeared among the animals coming in large 
number to the experimental and teaching laboratories. Admittedly 
the dogs examined were to some degree selected, and for this reason 
the data on incidence presented here should not be used for purposes 
of comparison. The origin of such animals was chiefly in the region 
of goiter about the Great Lakes. The incidence of goiters in dogs in 
this section has been variously estimated. That of goiters of appreci- 
able size probably runs well under 5 per cent. 

This study deals with a series of twenty-six such goitrous animals. 
All had enlargements of approximately 7 by 5 by 2 cm. or above. This 
size was determined on an arbitrary basis. Admittedly, a series of 
animals with appreciably smaller goiters would yield in certain respects 
manifestations and results different from those presented here. 

The largest thyroids, three of approximately the same size, mea- 
sured 12 by 9 by 4 cm. and tended to be distinctly pendulous. A few of 
the animals were emaciated, though this was not a constant feature and, 
when present, may have been caused in some instances by inadequate 
diet. 

On the whole, the glands were enlarged fairly uniformly, both 
lateral lobes in each instance being about equal in size. The surfaces 
were lobulated uniformly and some were moderately bosselated with 
prominent but not deeply cut fibrous constrictions. Often there was 
evidence of moderate local pressure on adjacent structures. 

The cut surfaces of these goiters presented fairly uniform features. 
Bloody cysts were often present, and interspersed were colloid cysts 
variable in size. Localized regions of whitish firm tissue were often 
encountered, especially in the larger glands. At times the whitish tissue 
surrounded soft bloody areas. Calcified nodes were found infrequently. 
At times small masses rich in cholesterol crystals were seen, especially 
in regions of broken-down tissue. Encapsulated portions suggesting 
localized fetal adenomas were not seen. In a lobe of one thyroid the 
tissue was uniformly fleshy but nonvascular, simulating a simple hyper- 
plastic organ. None was found suggesting the acutely toxic type seen 
in human exophthalmic goiter. 

Metastases occurred in the lungs in eight of the twenty-six dogs. 
Usually it was the larger goiters (fig. 1) revealing the grayish white 
areas that metastasized, but this was not always true. Such goiters 
were usually uniformly enlarged and were firm. Coming from them in 


many instances were large dilated veins filled with soft proliferating 
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bloody thyroid tissue. Such involved veins extended toward the heart, 
often a distance of 10 cm. or more, and were at times as much as a 
centimeter in diameter. 

In microscopic sections, different parts of the thyroid varied 
markedly. Diffusely proliferating areas were common, both in the metas- 
tasizing and in the nonmetastasizing glands. The section shown in 
figure 2 may be considered typical. It came from a whitish area of a 
thyroid that had metastasized freely into the lung. The irregular acini 





Fig. 1—Cut surface of a malignant goiter in a dog, revealing proliferating 
whitish areas. 


with papillomatous growth about poorly staining colloid were striking. 
In many regions, however, abundant colloid dilating the acini or rup- 
turing the walls was seen. Again solid columns of proliferating thyroid 
cells were formed having all the earmarks of malignancy. The latter 
areas were seen in some glands which had not, at least as yet, produced 
secondary growths. 

In the eight animals showing pulmonary metastases, the nodules in 
the lungs were gray, translucent, firm and shotlike. Rarely were any 
over 1 cm. across; usually they were smaller (fig. 3). As a rule the 





3 


aa 


342 ARCHIVES OF PATHOLOGY 


nodules were uniformly distributed throughout the organ. Many were 
in the pleura but few, if any, were in the lymph glands at the hilus. 
Microscopic sections of these pulmonary nodules often revealed 
normal thyroid tissue with abundant colloid (fig. 4). At the margins 
was proliferating epithelium giving rise to irregular acini and to cell 
clusters showing little invasive tendency. None was ever found break- 
ing through the visceral pleura and invading the parietal pleura or the 
thoracic wall. Few mitotic figures were seen in the nodules. In one 


xf 





Fig. 2.—Section from a whitish area in a metastasizing thyroid, showing 
irregular acini with papillomatous growths about poorly staining colloid. 


section (fig. 5), from a lung well studded:with metastatic nodules was 
found, in a branch of the pulmonary artery, a mass of thyroid with 
several acini containing colloid. Adjacent to the artery were masses of 
black pigment (fig. 5). This is a striking example of the tendency of 
a mass of the thyroid tissue after its transportation to a distance to 
continue its existence in a new organic environment. 

Another most unusual metastasis was found in a dog showing numer- 
ous metastases in its lungs and large thyroid veins filled with prolifer- 
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ating tissue. In the right auricle of the heart, 1 cm. above the 
tricuspid valve, on the median wall was a firm reddish pedunculated 
mass, about the size and shape of an ordinary hickory nut (fig. 6). 
It projected 1.5 cm. out into the auricular cavity. On microscopic 
section (fig. 7) the tumor revealed thyroid-like adenomatous cells, often 
in acinar arrangement but without colloid. Blood vessels with thin walls 
were seen within the mass. 

Though such a marked tendency to vascular dissemination was evi- 
dent, only one instance of invasion of a regional lymph gland was 
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Fig. 3—Numerous nodules in the lung of a dog with malignant goiter. 


noted; this was in an animal which revealed also numerous nodules 
in its lungs. The lymph gland was close to the lateral surface of the 
main thyroid mass. In two other animals, proliferating masses of thy- 
roid, about 1 cm. in size, were found near by but separate from the 
gland. 

In all dogs, careful search was made for metastases in viscera other 
than the lungs, but none was found. The bones were not examined. 
(One dog had at autopsy, in addition to the thyroid tumor, a primary 
carcinoma of the prostate.) The thyroid tumor in the dog, therefore, 
though so readily transported to the pulmonary artery through the 
heart, is most effectively blocked in the lung from further dissemination. 
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Fig. 4.—Microscopic section of a pu 

















Fig. 5.—Section of a dog’s lung, showing thyroid acini in the lumen of a 


pulmonary artery. 





Fig. 6.—Metastasis of thyroid tissue above the tricuspid valve within an auricle 
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of the heart. 











ee 





346 ARCHIVES OF PATHOLOGY 


Of the twenty-six dogs, ten revealed on gross examination intra- 
pericardial thyroid nodules located in the periaortic fat bodies.* Cer- 
tainly in most of the animals these bodies were not markedly enlarged. 
Since there was so much variation in the size of the thyroid bodies in 
the pericardial sac, it was difficult to determine the degree of hyper- 
plasia. In two animals, however, the nodules were relatively large and 
sections revealed hypertrophy, manifested in enlarged acini filled with 
colloid, which often compressed the epithelial cells. There was also 





Fig. 7—Microscopic section of the intracardiac tumor shown in figure 6. 


evidence of some vascular and fibrous proliferation in places. One 
could not be sure, therefore, that the intrapericardial thyroid became 
hyperplastic in all animals with enlarged thyroids. The evidence was 
clear in some of them. 

COMMENT 


In reviewing the data, the impression seems justified that in dogs 
in this region the thyroid commonly undergoes hyperplasia of a more 
uniform type than that observed in man. This hyperplasia often 
results in time in greatly enlarged goiter as described, associated on 
the whole with relatively few systemic manifestations. Furthermore, 


3. Davis, D. J.: Arch. Path. 4:937, 1927. 
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the hyperplasia often proceeds to a definite and quite characteristic type 
of malignant growth. Possibly it always might terminate thus if the 
animals lived long enough. 

The malignant change is relatively benign, since penetration of the 
capsule of the gland with invasion of adjacent tissues and lymph glands 
is infrequent. Proliferative hyperplasia occurs within the gland, how- 
ever, the tissue invading the veins much as does hypernephroma and 
disrupted fragments of tissue being evidently discharged into the heart 
and lungs. The rarity of metastases in the viscera generally, with the 
abundance of metastases in the lungs, indicates that the proliferating 
thyroid tissue appears in the blood stream in relatively large masses. 

The organoid character of the secondary growths is striking and 
quite in accord with the behavior of certain thyroid tumors in man. As 
stated, the pulmonary nodules, especially in their centers, as a rule 
reveal large masses of thyroid tissue so normal that it cannot be dif- 
ferentiated from ordinary thyroid tissue. In this connection, one is 
reminded of the occasional so-called metastasizing normal thyroid in 
man, with normal thyroid tissue appearing in various parts of the body, 
especially the bones, and no discoverable primary malignancy. 

The extreme viability of these tumors is illustrated not only by the 
pulmonary nodules but by an occasional mass of recognizable thyroid 
tissue such as I have described implanted on the inner wall of the heart 
and growing as a pedunculated mass within the blood currents. Such 
behavior suggested the possibility of studying experimentally the growth 
of normal thyroid tissue by injecting it into the jugular or other veins 
of a second animal and following the course of events over a long 
period of time. A few preliminary attempts to transplant normal thy- 
roid in this way were made but without encouraging results. 

Attention is directed to the frequent occurrence of aberrant thyroid 
masses in the adjacent regions, especially within the pericardial sac, 
where they are found embedded in the periaortic fat bodies. These not 
infrequently reveal hyperplasia of some degree but should not be con- 
fused with the true metastases in the cases of malignant growth. 


SUMMARY 


This study of the comparative pathology of the thyroid reveals cer- 
tain interesting potentialities of this gland, resulting, under conditions 
for the most part unknown, in proliferating goiter and more or less 
characteristic malignant growth. Further study and experimentation 
may lead to still more interesting results relative to the function of this 
gland and to the origin of its tumors. 








MIXED TUMORS OF THE LIP 


H. E. EGGERS, M.D. 
OMAHA 


Although the lip is recognized as one of the minor sites of predispo- 
sition for so-called mixed tumors, the tumors occur there so rarely as 
to seem to warrant the reporting of all cases observed. One of these 
tumors was referred to me recently for diagnosis. 


The patient, a man of 69, first noted a lumplike swelling on his upper lip 
following a penetrating wound with a pitchfork thirty-five years previously. The 
initial mass grew slowly until two years ago, at which time growth became more 
rapid; recently growth became still more active. At the time of its removal, 
the tumor was a solid, rather hard oval mass, measuring 13 by 10 by 10 mm. 
It cut with typically cartilaginous resistance, the cut surface being glistening 
white. 

Sections showed the usual features of a mixed tumor. In a stroma which 
varied from hyaline to mucoid, there were numerous poorly defined islands of 
apparently cartilaginous tissue, which were occasionally studded with spicules of 
calcification, and there were irregular masses of evidently epithelial cells of undif- 
ferentiated character. Occasionally these showed indications of tubular struc- 
ture, the lumens frequently containing amorphous eosin-staining material. In 
other areas, cells of similar form were massed without evidence of structural 
arrangement. Nothing was seen suggestive of stratified squamous epithelium. 
None of the epithelial areas showed marginal delimitation, and though through- 
out these there was every appearance of infiltrative growth no mitotic. figures 
were apparent. Around the tumor was a well developed capsule of fibrous con- 
nective tissue, which frequently merged directly with the stroma of the tumor 
and showed the occasional entrance of the epithelial cells into its inner zone. 


While the epithelial element is quite generally recognized as a usual 
constituent of these tumors, there is some tendency to question the 
authenticity of the apparently cartilaginous masses so frequently found 
in them and to use in this connection the term “pseudocartilage,”” as 
suggested by Marchand.' In my opinion this term is unwarranted. Not 
only does the element in question show a matrix morphologically iden- 
tical with that of hyaline cartilage or fibrocartilage, with the same 
staining affinities, but the lacunar location of the cells is identical as 
well. Further, as in this specimen, the cartilaginous tissue not infre- 
quently shows varying degrees of calcification, and a number of the 
mixed tumors have been reported as containing bony or osteoid ele- 


From the Department of Pathology, University of Nebraska College of 


Medicine. 
1. Marchand, F.: Verhandl. d. Gesellsch. deutsch. Naturf. u. Aerzte 82: 


17, 1911. 
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ments. It is suggested that since the identity of this tissue with cartilage 
is still unproved, the term “chondroid” would be preferable to “pseudo- 
cartilage.” The latter definitely negates what still remains a strong 
possibility if not a probability. In any case this tissue appears to bear 





The upper circle shows epithelial cells with glandular arrangement; the lower, 
chondroid tissue and massed cells, apparently epithelial. 


a close relationship to the mucoid stroma and apparently is derived 
from it. This relationship has been suggested on purely morphologic 
grounds; recently Techoueyres* reached the same conclusion from 


2. Techouevres, E.: Ann. d’anat. path. 11:905, 1934. 
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Summary of Cases of Mixed Tumor of the Lip 
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chemical considerations, pointing out that there is a close kinship between 
mucin and chondrin, both being glycoproteids, with mucoitin sulfuric 
acid as the prosthetic group of one and chondroitin sulfuric acid of the 
other. 

Whatever the exact character of this tissue element may be, the 
element is present with unusual frequency in the mixed tumors of the 
lip. Of the cases which I have been able to find reported in the litera- 
ture, it was present in 48 per cent as compared with a reported frequency 
of 43 per cent in mixed tumors of the salivary glands and 38 per cent 
in those of the palate." Stratified squamous epithelium, on the other 
hand, occurs here more rarely, in 19 per cent as compared with 31 and 
35 per cent, respectively. 

A summary of reported cases appears in the accompanying table, 
which, however, is not complete, as it does not include instances of 
tissue elements which have been found only rarely, such as bone and 
fatty tissue. Also omitted is a series of cases described by Paget *; 
his report is largely clinical and without histologic observations, but 
at least one or two of the cases were of the type discussed here. Also 
a number of cases are omitted because the reports were inaccessible. 
Not all of the cases listed here have been checked personally; those 
learned of indirectly are listed as “cited” by the author given in the 
table. 

Attention has already been called to the unusual frequency with 
which chondroid tissue is found in these tumors. In connection with 
mixed tumors of the palate it was suggested that variation in the tissue 
elements of the mixed tumors might furnish evidence of the period 
of their inception, cartilage or chondroid tissue pointing to a relatively 
early, and stratified squamous epithelium to a later, period. If this is 
true, the mixed tumors of the lip should be mitiated even earlier than 
those of the salivary glands. This appears to be in accordance with 
the facts, since the formation of the medial nasal and of the maxillary 
processes precedes the appearance of the rudiments of the salivary 
glands. 

It is not my intention to go at any length into the mode of formation 
of these tumors. The evidence, mainly morphologic, that the several 
tissue elements develop by metaplasia from epithelium is occasionally 
striking. However, the especially frequent occurrence of these tumors 
at sites of complicated embryologic folding and fusion, to say nothing 
of the variation in the frequency of the tissue elements in tumors at 
different sites, appears to support the theory of their origin from two 
germ layers. 


2a. Eggers, H. E.: Arch. Path. 6:378, 1928. 
3. Paget, J.: Lectures on Tumours, London, Wilson & Ogilvy, 1851, pp. 
83 and 84. 
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There is a slight and probably nonsignificant disparity in the dis- 
tribution of these tumors according to sex. Of the forty-three patients 
whose sex was noted, twenty-four were males and nineteen females. 
As regards the distribution according to age, the tumors have been 
found at ages between 16 and 73 years, with over half at the ages 
from 30 to 50 years. Incidentally, the ages reported for the females 
are noticeably lower than those for the males. Probably the only sig- 
nificance of this is the greater feminine interest in cosmetic effect. 
The tumors are far more frequent in the upper lip. Only four, those 
reported by Briiggemann,* Huguier ° (a clinical report only), Pupovac ® 
and Wood,’ occurred in the lower lip. The explanation of this disparity 
appears to lie in the more complicated development of the upper lip. 

The question of the malignancy of these tumors is of considerable 
concern to all who are immediately interested. It was pointed out with 
regard to mixed tumors of the palate that despite morphologic evidence 
suggestive of malignancy, actually these tumors are usually benign. The 
same appears to hold here; in none of the collected reports was there 
a record of malignant recurrence, despite the fact that in several there 
was a history of accelerated growth shortly preceding operative removal. 
In this connection the absence of mitotic nuclei is probably of signif- 
icance. 

The tumor on which this report is based was peculiar but not unique 
in that it seemed to have followed traumatic antecedents. This is true 
of a similar tumor reported by Pilcher,* which appeared after a severe 
blow incurred twelve years before its removal, and possibly of one 
described by Mason,* in connection with which there was a somewhat 
questionable history of trauma forty-one years before. This occastonai 
relationship is not incompatible with the theory that these tumors result 
from embryonic displacement. Injuries in the region of the lip are so 
common that it could be expected that occasionally one might serve to 
evoke growth in a nidus present and previously quiescent. That such 
niduses actually occur and may at times be morphologically recognized 
is suggested by my incidental finding of a nest of chondroid tissue in 
a fragment of excised and otherwise normal submaxillary gland.'° 


. Briiggemann, A.: Ztschr. f. Krebsforsch. 9:345, 1910. 

. Huguier, cited by LeNormant and others: Rev. de chir. 38:1, 1908. 
. Pupovac, D.: Deutsche Ztschr. f. Chir. 49:77, 1898. 

Wood, F. C.: Ann. Surg. 39:57 and 207, 1904. 

. Pilcher, R.: Brit. M. J. 1:967, 1937. 

. Mason, F.: Brit. M. J. 2:389, 1868. 

10. Eggers, H. E.: Arch. Path. 12:31, 1931. 
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SUMMARY 


A mixed tumor of the upper lip is reported, the development of 
which evidently had traumatic antecedents. 

Tumors of this type contain cartilage or chondroid tissue with a 
frequency in excess of that noted in similar tumors of the salivary 
glands ; they contain stratified squamous epithelium with less frequency. 
This is in accordance with the respective periods of initiation of the 
structures in which they occur. 

The mixed tumors of the lip appear to be practically invariably 
benign, although with them, as with mixed tumors in general, the histo- 
logic morphologic appearances are such as to suggest malignancy. 
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CAUSE AND SURGICAL RELIEF OF STERILITY 
IN WOMEN 


ARTHUR H. CURTIS, M.D. 
CHICAGO 


In its broader and previously accepted sense and according to the 
strict definition of the word, sterility is barrenness—the inability to 
produce young. Because physicians are most concerned with initiating 
the process of childbearing there has developed the interpretation that 
sterility is the inability of a couple to achieve pregnancy. 


ETIOLOGIC FACTORS 

It has long been accepted that at least 12 per cent of all marriages 
are sterile. This figure has withstood the test of time, but it is less 
certain that gonorrheal infection maintains its position as the predomi- 
nating factor in the production of sterility. A summarization of the 
innumerable etiologic items concerned indicates that gonorrhea should 
still be accorded greatest emphasis, for it produces sterilizing lesions 
in both sexes—inflammatory lesions in the cervix and occlusion of the 
fallopian tubes of the wife, as well as devastating chronic infection 
of the prostate and obstructions of the passageway for spermatozoa 
in the male genital tract. 

Among the many other etiologic factors, infection associated with 
instrumental emptying of the pregnant uterus requires emphasis. The 
importance of serious postabortive infections is well understood, but 
there is apparently little conception of the hazard of sterility incident 
to the abortionist’s instrumental emptying of the uterus in cases in which 
the patient pursues an apparently uneventful recovery. The number 
of families deprived of offspring because of visits to abortionists dur- 
ing early marriage is beyond the comprehension of physicians and 
undreamed of by the laity. 

Abortion as a factor in sterility may be considered still further: 
Prolonged clinical observation reveals a frequent incidence of sterility 
among otherwise healthy women who have been treated by curettage 
after spontaneous abortion, for the purpose of “cleaning out” the uterus. 
It is apparently difficult to curet a uterus which is bleeding as a result 
of an abortion without the danger of introducing a low grade, often 
symptomless infection. The essential pathologic condition in many cases 
in this group is an inflammation which encroaches on the lumen of the 
interstitial portion of the fallopian tube. 
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In patients infected by the abortionist and in those with lesser steril- 
izing inflammatory processes introduced by the reputable pelvic surgeon 
at the time of postabortive curettage, a tubal infection occurring beyond 
the confines of the uterus usually develops from without, the infection 
producing perisalpingitis, with a tendency to invasion of the tubal 
mucosa last, if at all. This accounts for the frequent bearing of children 
after serious postabortive infections. But, in recognizing the frequent 
incidence of pregnancy after serious postabortive infections, one must 
not at the same time overlook the considerable percentage of women 
who have aborted or who have had curettage of the uterus and who are 
symptom-free but who thereafter remain permanently sterile. Instru- 
mentation of the uterus of the pregnant woman, either illegitimately by 
an abortionist or legitimately and with the best intentions after partial 
delivery of the products of gestation, with the canal open and unpro- 
tected and usually invaded by bacteria has not been accorded sufficient 
emphasis in the etiology of sterility. 

It is not proposed at this time to discuss other factors in the etiology 
of sterility, which is ascribable in many instances to physical deficiencies, 
to errors in diet, to lack of exercise, to endocrine factors and, in perhaps 
50 per cent of instances, to sterility or infertility of the husband. 


SURGICAL INTERVENTION 


A comprehensive survey of surgical procedures directed to the relief 
of sterility is beyond the aim of this paper. I am concerned rather with 
some features which appear to require emphasis and with the descrip- 
tion of a surgical procedure which has not yet been recorded. 

As a preliminary, it may be well to emphasize the universal experi- 
ence of former years, when simple repeated dilatations of the cervix 
were so frequently followed by pregnancy in apparently sterile women. 
Curiosity about the condition of the fallopian tubes should be held in 
check until dilatations and other less heroic and less hazardous aids 
have been invoked. 

Granted that a study of the fallopian tubes has been required and 
that the upper part of the genital tract and the patient’s husband have 
been found apparently normal, one is amazed how often correction of 
a diseased cervix is followed by pregnancy. Discussion of the pros 
and cons of cauterization in contrast with surgical correction of cervical 
lesions would lead me too far afield. In passing, however, it may be 
emphasized that the cautery makes burns and that burns commonly 
become infected and heal slowly. Cauterization of the endocervix, par- 
ticularly cauterization high within the canal, carries with it no little risk, 
especially in the patient with retrodisplacement; none the less, it is 
sometimes necessary, for a high amputation of the cervix brings with 
it the likelihood of future abortion. 
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All thought of surgical intervention for the relief of sterility pre- 
supposes that the husband has been studied and has been found fertile 
and that the wife is in good general health and normal from an endo- 
crinologic point of view. 

It has become customary to make a transuterine insufflation of the 
fallopian tubes and also to seek for details of uterine and tubal abnor- 
malities as revealed by hysterosalpingographic study, as a preliminary 
to attempted relief of sterility by an abdominal surgical operation. I am 
in accord with the routine employment of the Rubin test in cases of 
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Fig. 1.—Inflation by means of an air syringe demonstrates the location and 
extent of obstructions in the isthmic and ampullar portions of the fallopian tube. 


this sort. Perhaps salpingographic examination is also advisable as a 
routine in those selected cases in which surgical intervention is under 
consideration ; but I turn to it with reluctance, for its hazards have been 
underestimated, and its value has apparently been overstressed. 


Tubal Resection and Implantation for Sterility —The procedure here- 
with described obviates the need for excision of the diseased indurated 
thick interstitial portion of the uterine cornu. Boring through this 
region, as is usual, with implantation of the tube in such an environ- 
ment, predisposes to tubal occlusion. The problem may be compared 
with boring through one’s shoulder joint to obtain access to the chest. 
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Fig. 2.—Resection of the fallopian tube with implantation of the end of the 
healthy segment into the uterus: In A the tube is clamped with a fine Kocher 
forceps in its occluded portion, just mesial to the outermost site of obstruction. 
In B the tube is severed through the healthy patent distal portion. Part of the 
obstructed uterine segment is excised if it is cumbersome, but the portion nearest 
the uterus is an asset and is not removed. The isthmic tubal stump is grasped 
firmly and elevated, like an uplifted elephant’s trunk, and then with the scissors 
the thin healthy uterine wall beneath the tubal stump is snipped until the nearby 
readily accessible cavity of the uterus is opened sufficiently to admit a small 
curved forceps. In C the patent distal segment of the tube, after sufficient freeing 
from the mesosalpinx to permit transplantation without tension, may be bisected 
longitudinally for 0.5 cm. or left intact. Fine chromic catgut is stitched and tied 
into each of the two lips of the split uterine end of the healthy segment; the 
needles are then introduced through the opening into the uterine cavity and emerge 
divergently through the uterine wall about 2 cm. distant. In D the sutures are 
pulled taut, drawing the tube into the uterine cavity; the sutures are then trans- 
fixed while firmly held, and tied, with the opened tube now well within the uterine 
cavity, without kinking, obstruction or distortion. Interrupted sutures close the 
defect in the mesosalpinx and bring the cornual stump, which is not excised, 
comfortably atop the uterine end of the implanted tubal segment. Air inflation 
again demonstrates the patency of the implanted segmented end of the tube at 
the termination of the procedure. In the event of hydrosalpinx or other lesions 
with closure of the fimbriated end of the tube, a circumcision cuff, as suggested 
by Norris, insures patency of the ampulla, as shown in E and F. 

A postoperative Rubin test for tubal patency should not be made until at 
least two months later, nor should it be delayed unduly. 
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Just as it would be simpler to enter the chest at a lower level, so one 
finds that access to the uterine cavity is readily obtained by lateral per- 
foration of the uterus immediately below the level of the tube, after 
the tube has been bisected and its uterine end elevated, like an elephant’s 
trunk. 

Other details of the procedure are evident from the illustrations and 
legends. The technic of the operation is based largely on the vast experi- 
ence of others and is offered merely as another step in the attack on the 
problem of sterility. In particular, it should be emphasized that the 
circumcision cuff has been previously described by Norris and others. 








IMMUNOLOGIC STUDIES ON FRACTIONS 
OF RED BLOOD CELLS 


EDNA DELVES, Pu.D. 
CHICAGO 


In 1898 Bordet' found that the serum of an animal immunized 
with the red blood cells of another species in the presence of complement 
would hemolyze the homologous red blood cells and without com- 
plement would cause the cells to agglutinate. In the same year von 
Dungern ? reported that an animal immunized with stroma from pigeon 
red blood cells would yield low-titered agglutinating serum. However, 
the stroma that he used was treated with hydrochloric acid or mag- 
nesium sulfate; so the protein was probably partially denatured. 
3ordet * in 1900 found that rabbit hemoglobin injected into a guinea 
pig would produce no hemolysin for rabbit red blood cells whereas the 
stroma from these cells would stimulate the production of such hemolysin. 
Nolf * in the same year injected fractions of chicken red blood cells 
into rabbits and found that the hemoglobin caused the production of 
hemolysin, and the stroma agglutinin, in the serum of these rabbits. 
A like observation was reported by Stewart® in 1904. In 1904 Ford 
and Halsey,® using the red blood cells of several species, found that the 
respective cells and their stroma would stimulate the production of 
agglutinins and hemolysins for the homologous cells in equal titers, 
whereas the purified hemoglobin produced no agglutinin or lysin. 
Levene * found that dog cells extracted with 0.5 per cent sodium carbon- 
ate would stimulate the production of a strongly hemolytic antiserum 
with no agglutinating power. 

Bang and Forssman,* Dautwitz and Landsteiner,® Takaki*® and 
Frouin*! reported that animals immunized with ether extracts of red 
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blood cells and stroma would yield hemolytic antiserums. Bang and 
Forssman * found, in addition, that these antiserums would show no 
agglutinating activity. The other investigators did not refer to aggluti- 
nation. Von Dungern and Coca ** and Ritchie and Miller ** could not 
confirm these results, nor could Thiele and Embleton,’* Balls and 
Korns,’® Vedder ** and Schmidt,'* who found not only that the ether 
extract of red blood cells would not stimulate the production of agglu- 
tinin or hemolysin in serum but that the material from which the lipoid 
had been extracted was still capable of causing the formation of both 
these antibodies. 

Bennett and Schmidt '* in 1919 found that if a quantity of laked 
red blood cells from which the stroma had been removed was saturated 
with carbon dioxide a flaky precipitate was formed. This they called 
cell globulin. Using beef cells, they obtained high-titered hemolytic 
antiserums with low agglutinating activity. Schmidt and Dement ’® in 
1921 confirmed these results, using other species of red blood cells. 
Sheep cells, on application of the carbon dioxide method, yielded a 
globulin which gave rise to hemolysin and agglutinin, the hemolysin 
titer being higher than that of the agglutinin. For the pig cell antigen 
the two titers were equal, and the human cell antigen gave rise to 
agglutinin in higher titer than the hemolysin. 

From the foregoing survey of the pertinent literature it is evident 
that there is confusion as to the antigenicity of the various components 
of red blood cells. Experiments have been conducted, therefore, to 
determine the antigenic properties of several of these fractions, using 
fractions of a higher degree of purity. 


MATERIALS AND METHODS 
Solutions of serum proteins were prepared according to the method of Hektoen 


and Welker.2° Pure solutions of hemoglobin were made by the method of Marshall 
and Welker 21 and by passing ether-laked washed red blood cells through a 
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Berkefeld N filter. To obtain stroma and the X fraction from red blood cells 
laked blood was centrifugated. The hemoglobin was decanted and saved at icebox 
temperature. The stroma was washed repeatedly with distilled water to remove 
the hemoglobin suspended in 0.85 per cent sodium chloride and preserved with 
0.5 per cent phenol. 

The solution of hemoglobin from which the stroma had been removed was 
then precipitated with 40 per cent saturated ammonium sulfate. The resulting 
precipitate changed the appearance of the solution from a clear dark red to a 
turbid blood red. The ammonium sulfate precipitate, which in the remainder of 
the work will be designated as the X fraction or X, was removed from the hemo- 
globin by centrifugation and washed several times with distilled water to remove 
the excess of hemoglobin. It was then dialyzed in a cellophane bag to remove 
the ammonium sulfate. The hemoglobin solution was also dialyzed to remove this 
electrolyte. 

A portion of the X fraction was filtered and dried over concentrated sulfuric 
acid. The dried material was extracted with ether in a Soxhlet extraction appa- 
ratus for seventy-two hours. The ether was evaporated and the residue heated to 
56 C., at which temperature an emulsion with salt solution was readily effected. 
The portion of the X fraction from which the ether extract had been removed was 
resuspended in salt solution. 

The agglutination and hemolysis tests as well as the absorption tests were done 
as described previously.?? 

EXPERIMENTS 

Preliminary Experiments with Fractions of Human Blood.—The first series 
of rabbits were immunized against human albumin, pseudoglobulin and hemoglobin 
and the antiserums tested for agglutinins and hemolysins for human red blood 
cells. It was found that the serums of two rabbits immunized with human albumin, 
two rabbits immunized with human pseudoglobulin and one rabbit immunized 
with human hemoglobin contained neither agglutinin nor hemolysin for human red 
blood cells whereas the serums from two rabbits immunized with another solution 
of human hemoglobin contained in one instance agglutinin with a titer of 1: 320 
and hemolysin with a titer of 1:640 and in the other instance agglutinin and 
hemolysin with a titer of 1: 320. An investigation of the preparation of the two 
solutions of human hemoglobin brought out the fact that the solution of hemoglobin 
used to immunize the two rabbits whose serum contained agglutinin and hemolysin 
for red blood cells was treated only once with aluminum hydroxide cream whereas 
the solution of hemoglobin used to immunize the rabbit whose serum contained 
no agglutinin or hemolysin was treated many successive times with aluminum 
hydroxide cream to be sure of a hemoglobin protein that would be very pure. 
These findings were verified in a later series of rabbits immunized against similar 
antigens. 

Since human serum albumin and pseudoglobulin produced no agglutinin or 
hemolysin for human red blood cells, an effort was made to find what part of the 
red blood cell is responsible for the production of agglutinin and hemolysin for 
red blood cells. Two rabbits immunized with human hemoglobin from ether-laked 
cells and water-laked cells from which the stroma had been removed by centrif- 
ugation produced a moderate amount of agglutinin and a low amount of hemolysin. 
Some of the hemoglobin from water-laked cells when filtered through a Berkefeld 


22. Hektoen, L., and Delves, E.: J. Infect. Dis. 50:237, 1932. Delves, E.: 
ibid. 57:61, 1935. 
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N filter ad used as antigen produced negligible amounts of agglutinin and 
hemolysin ior red cells. 

Immunization of Rabbits with Fractions of Horse Red Blood Cells—A 5 per 
cent suspension of washed horse red blood cells was laked with distilled water 
and injected into two rabbits. The serums of these rabbits gave complete hemolysis 
and agglutination in the dilution of 1: 2,560. Two rabbits were then given injec- 
tions of horse hemoglobin from which the stroma and X had been removed before 
it was filtered through a Berkefeld N filter. The serums from these two rabbits 
contained no agglutinin for horse red blood cells, contained a negligible amount 
of hemolysin and showed precipitin for horse hemoglobin in the dilution of 
1: 100,000. Rabbits given injections of horse cell stroma yielded serums in which 
the agglutinin and hemolysin titers ran parallel (table 1). 

A suspension of X was injected into five rabbits—into three intraperitoneally, 
into one intravenously and into one intramuscularly. All of these animals yielded 
serums that produced agglutination and hemolysis in high dilutions (table 2). 

Equal amounts of X were placed in two paper Soxhlet extraction cups; the 
liquid was filtered off and the contents of the cups dried over concentrated sulfuric 
acid. The material in one was resuspended in 0.85 per cent solution of sodium 
chloride; the material in the other was extracted for seventy-two hours with ether 
in a Soxhlet extraction apparatus. The ether-extracted material and the ether 
extract were also resuspended in 0.85 per cent solution of sodium chloride. The 
ether extract formed a colorless opalescent suspension or emulsion. The color 
of the residue of X after the ether extract had been removed had become lighter 
than X. Six rabbits were given injections of equal amounts of these three 
antigens—dried X, ether extract of X and the residue of X after the ether extract 
had been removed. 

The serums of two rabbits (16 and 17) immunized with X gave rise to 
agglutination and hemolysis at a dilution of 1:1,280. Serums from rabbits 18 
and 19, immunized with residue of X after removal of the ether extract, in the 
same amounts as were used for the two rabbits just mentioned, showed hemolysis 
and agglutination at a dilution of 1: 160. The serums from rabbits 20 and 21, 
which were immunized with the ether extract of X, showed no macroscopic 
agglutination and very slight hemolysis (table 3) at a dilution of 1: 40. 

Studies were made of the properties of X. It was found to be soluble in sodium 
hydroxide and not in hydrochloric acid. Some of it was put into solution in 
tenth-normal sodium hydroxide and neutralized with normal hydrochloric acid. 
Very close to the neutral point a flocculent precipitate formed, resembling the 
original X. This was filtered and dissolved in alkali and reprecipitated with acid 
four times. The final precipitate was resuspended in an 0.85 per cent solution of 
sodium chloride and injected into a rabbit. The resulting antiserum exhibited 
both agglutinin and hemolysin for horse red blood cells but in very reduced titers. 


Further studies of the properties of X were carried out in an attempt to obtain 
a solution enabling one to make precipitin tests. One per cent, 2 per cent, 5 per 
cent and 10 per cent solutions of sodium chloride were tried at 20 and at 50 C. 
without success. X was soluble in hundredth-normal sodium hydroxide, but this 
alkaline solution could not be used for precipitin tests because it would react non- 
specifically with the serum. X extracted with boiling ether would not go into 
solution in an 0.85 or a 2 per cent solution of sodium chloride. Up to the present 
time it has been impossible to make a suitable solution of the horse red blood 
cell X prepared as described in this paper. The same difficulty (inability to effect 
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a solution) was encountered with X from both human and beef red blood cells, 
similarly prepared. An attempt to prepare a solution of stroma suitable for 
precipitin tests was likewise unsuccessful. 

To obtain evidence of the relationship between the horse red blood cell X and 
horse red blood cell stroma, cross complement fixation tests were set up with the two 
suspended antigens against the homologous and against the heterologous anti- 
serums (table 4). It was found that with their homologous and heterologous 
antiserums the two antigens would fix complement in low and approximately equal 
titers. The fact that the titers were low (1:200+), which probably can be 
explained by the low dispersion of the antigens, makes this evidence of the identity 
of these substances inconclusive. However, the results, coupled with the facts that 
both the stroma and X produce in the serum of the rabbit treated with them 
agglutinin and hemolysin for horse red blood cells and that both antigens absorb 
from such serum agglutinin and hemolysin for horse red blood cells (this to be 
discussed more fully later), seem to warrant the tentative conclusion that the 
stroma and X are immunologically identical. 

Absorption of Agglutinins and Hemolysins from Horse Red Blood Cell Anti- 
serums by Various Fractions of Horse Red Blood Cells—An attempt was made 
to absorb the agglutinins and hemolysins for horse red blood cells from three 
horse red cell X antiserums and one horse red cell stroma antiserum with horse 
red blood cells and the fractions of horse red blood cells, including stroma, X, 
ether-extracted X and ether extract.of X. 

When 3 cc. of packed washed horse red cells was added to 2 cc. of antiserums 
7, 14, 13 and 10, respectively, and incubated at 37 C. for one hour there was 
absorption of approximately three quarters of the agglutinin and hemolysin. The 
hemolysin reaction appeared to be slightly more sensitive than the agglutinin 
reaction. When 2 cc. of packed washed horse red cells was added to 1 cc. of 
the aforementioned absorbed serums, respectively, complete absorption of both 
agglutinin and hemolysin was obtained in serums 7 and 14 and almost complete 
absorption of both antibodies in the other two serums. Repeated absorption tests 
with horse red cells demonstrate that when the agglutinin has been removed the 
hemolysin has been also, with quantitatively comparable percental declines in 
the titers in most instances. In calculating the titer or percental drop only + 
agglutination or hemolysis was considered in all the tests. 

One cubic centimeter of each of the four antiserums, 7, 14, 13 and 10, was 
absorbed with the sediment obtained from 1 cc. of stroma suspension. The results 
of these absorption tests also indicate that when agglutinin has been removed 
hemolysin has been also, the latter usually to a higher degree. Stroma as antigen 
removed agglutinin and hemolysin from X antiserum in approximately the same 
percentage as from its homologous antiserum. 

One cubic centimeter amounts of X were centrifugated and the antiserums added 
as described for the absorption tests with stroma. The results of these absorption 
tests were approximately the same as those from the absorption tests with stroma. 
Tests done on the same day with the same materials showed the same percental 
drop in titer. A test on X antiserum 14 showed in the case of absorption with 
stroma a drop in agglutinin titer of 88 per cent and a drop in hemolysin titer of 75 
per cent. With the use of X as the absorbing antigen, the percental drop of 
both agglutinin and hemolysin was 88 per cent. These results are significant in 
showing two things: In the first place they indicate that agglutinin and hemolysin 
are one and the same and that stroma and X are very similar antigenically. 
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366 ARCHIVES 


Absorption tests with the ether extract of X were made by adding | cc. of 
antiserum to 1 cc. of the extract. As the extract was difficult to centrifugate, 
the mixture was filtered after being incubated for one hour at 37 C. It was 
found that the ether extract of X was capable of absorbing agglutinin and 
hemolysin for horse red blood cells. The results followed those obtained in 
previous absorption experiments; i. ¢., there was quantitative absorption of both 
agglutinin and hemolysin. 

One stroma antiserum and two X antiserums (7, 14 and 13) were absorbed 
with the residue of X after the ether extract had been removed. One cubic 
centimeter of the suspended residue was centrifugated, the supernatant fluid 
removed and 1 cc. of antiserum added to the packed residue. The mixture was 
incubated for one hour at 37 C., centrifuged and the absorbed serum tested for 
hemolysin and agglutinin. It was found that this residue of X after the ether 
extract had been removed was also capable of absorbing agglutinin and hemolysin 
for horse red blood cells with about the same efficiency as the ether extract. The 
results followed those described for the other absorption experiments. 

When the mean percentages of drop in the agglutinin and hemolysin titers 
of the stroma and the X antiserum after absorption with horse red blood cells 
and with their fractions were calculated, the results were interesting. The whole 
red blood cells were found to be consistently more efficient than the fractions 
in removing agglutin and hemolysin. This fact is especially evident when it is 
considered that more stroma and more X were used to absorb antiserum than 
would be found in the amount of red cells used in the absorption tests. Of interest, 
also, is the consistent quantitative relation of the removal of agglutinin to the 
removal of hemolysin in all of the experiments. The absorption experiments with 
the ether extract of X and with the residue of X after the ether extract had 
been removed showed that while these factors were capable of absorbing antibodies 
their efficiency had been reduced by approximately 50 per cent. 

Evidence of the Specificity of the Absorption Tests—Nonspecific absorption tests 
were done using sheep red blood cell antiserum and whole horse red blood cells 
and their fractions, including X, the ether extract of X and the residue of X after 
the ether extract had been removed. Equal amounts of antigen and antiserum 
were mixed, incubated for one hour at 37 C. and tested with sheep red blood 
cells. The results of the tests showed that no reduction in titers occurred when 
the sheep cell antiserum was absorbed with the horse cells or with their fractions. 
This experiment is a control on the specificity of the absorption in all the absorp- 
tion tests just discussed. It also brings out the fact that while the ether extract 
of horse cell X produces no antibodies in a rabbit, it will absorb horse cell 
agglutinin and hemolysin and not sheep cell agglutinin and hemolysin. Thus the 
ether-soluble material from horse red blood cells seems to be a specific haptene 
antigen. 

SUMMARY 

The production of agglutinins and hemolysins for red blood cells is 
not stimulated by purified serum proteins or by purified hemoglobin 
but is stimulated by the stroma of red blood cells and by the ammonium 
sulfate precipitate (designated X) from laked cells from which the 
stroma has been removed. 

The ether extract of X is not able to stimulate the production of 
antibodies but is able to absorb them specifically. This indicates that 
the ether extract is a haptene antigen. 
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The residue of X after the ether extract has been removed retains 
some of the antigenicity of X and stimulates the production of both 
agglutinin and hemolysin. 

Agglutinins and hemolysins for horse red blood cells can be removed 
from the antiserum by absorption with horse red blood cells, stroma 
from these cells, X, the ether extract of X and the residue of X after 
the ether extract has been removed. If the agglutinin titer of the anti- 
serum is reduced by absorption with any of the aforenamed antigens, 
the hemolysin titer is lowered proportionately. This suggests that the 
two antibodies are identical. 


Cross complement fixation and cross absorption tests indicate that 
the stroma fraction and the X fraction of horse red blood cells may 
be immunologically identical. 








































ENDOCARDITIS CAUSED BY BACTERIUM 


PARATYPHOSUM B 


ACUTE 





JACOB MEYER, M.D. 
AND 
KATHARINE M. HOWELL, M.D. 


CHICAGO 


The cases of endocarditis due to infection with Bacterium paraty- 
phosum B are indeed few. Wells ' in a recent report of a case reviewed 
the literature and emphasized the fact that the mortality from paraty- 
phoid infections is low and also the fact that few cases of endocarditis 
have been reported. In a review of the literature since 1904, he noted 
that 
of 320 necropsies in paratyphoid infection endocarditis was observed in but 
one, nor was endocarditis observed in numerous other single necropsies and 
smaller series, indicating that like- typhoid, although a bacteremia, paratyphoid 
does not often lead to an infection of the heart valves. 


He makes the following statement : 


It seems probable that corresponding with the greater pyogenic tendency of 
paratyphoid infections, endocarditis may be somewhat more common in these 
infections than in typhoid, but there are too few necropsies reported to enable 
one to determine this conclusively and but too few cases of paratyphoid endo- 
carditis have been reported in the literature. 


The present report is of interest as the report of an additional case 
of acute endocarditis due to Bact. paratyphosum B, with the observa- | 





tions made at necropsy. 
REPORT OF CASE 


A hospital orderly, aged 36, entered the Michael Reese Hospital Dec. 7, 1937, 
in the service of Dr. Jacob Meyer, complaining of chills and fever of one and a 
half days’ duration. On the previous day he awakened with a headache, felt 
chilly, complained of weakness and found he had a temperature of 100.6 F. On 
the day of admission his temperature was 102.6 F. Before the onset he had 
had no immediate complaints. It was later determined that he had not been 
outside Chicago for a year and that he lived on the hospital premises. At the 
age of 21 he had “rheumatism,” which recurred one and two years later. 

Physical Examination.—The patient appeared ill. There were no findings in 
the head and neck. The heart had a diffuse apex beat; the left border was 
15 cm. from the midsternal line; a systolic thrill was felt over the precordium; 
loud systolic and diastolic murmurs were heard over the precordium and over 









From the Medical Service, the Department of Bacteriology and the Depart- 
ment of Pathology, Michael Reese Hospital. 
1. Wells, H. G.: Arch. Path. 23:270, 1937. 
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the aortic area. A capillary pulse and Duroziez’ sign were present. The blood 
pressure was 110 systolic and 20 diastolic. There was dulness over the right lung 
posteriorly. The impression on admission was lobar pneumonia on the right side, 
rheumatic heart disease, aortic regurgitation, and mitral stenosis and regurgitation. 


Course—December 7, the temperature was 104 F.; the pulse rate varied from 
88 to 100 and the respiration rate from 22 to 30. The patient appeared sicker. 
The findings in the chest were indefinite. The skin of the chest was cyanotic. 
The throat was red. The abdomen was soft and the spleen not palpable. Decem- 
ber 8 the patient had a chill lasting half an hour, followed by emesis. Another 
chill occurred in the evening. The impression at this time was acute or subacute 
endocarditis, possiby pneumonia or infarct. December 11, a mass was felt in 
the left hypochondrium and was considered to be the spleen. December 15, 
the temperature was 102 F. The pulse was slow. The patient complained of 
pain in the left shoulder. Petechiae were seen in the axillae and over the 
abdomen. The impression at this time was acute paratyphoid endocarditis. 
December 16, there were numerous new petechiae in the skin of the chest, 
abdomen and axillae. December 18, the patient became worse and was irrational. 
Numerous petechiae were present. The temperature was 103.6 F. The respira- 
tion became stertorous. The patient died at 8:10 p. m. 


Laboratory Examination.—The white blood cell counts were as follows: 

December 6 5,500 Polymorphonuclears,65 Lymphocytes, 35 

December 7 12,000 Polymorphonuclears, 85 Lymphocytes, 13 Monocytes, 2 

December 11 31,300 

December 13 18,900 

December 15 14,350 

The urine was essentially normal. 

Cultures of the blood on December 9 and 11 showed a gram-negative bacillus ; 
malarial organisms were not found. Agglutination tests on December 8 and 13 
with Bact. paratyphosum B antiserum gave titers of 1:80 and 1: 1,280, respec- 
tively. Chemical examination of the blood December 9 showed sugar 135 mg. 
and nonprotein nitrogen 55 mg. per hundred cubic centimeters. 


A culture of the stool was positive for Bact. paratyphosum B. 
In an x-ray picture the heart shadow appeared unusually enlarged, the enlarge- 
ment apparently mainly left ventricular. There was no evidence of pleural effusion. 


Bacteriologic Examination.—Blood Cultures: A blood specimen was taken on 
December 8, and inoculations were made into broths (veal, dextrose-veal, deep 
beef heart, brain, and liver) and into solid mediums (plain, dextrose and liver- 
hormone agar plates), Examination at twenty-four hours revealed a slender, 
motile, nonspore-bearing, gram-negative bacillus in pure culture. Subcultures 
were made on Endo agar plates and in tubes of Russell’s double sugar medium. 
Small opalescent colonies characteristic of the typhoid-dysentery group appeared 
on the Endo agar plates. Acid and gas were produced in the butt of the Russell 
double sugar medium, but no change occurred on the surface of the slant. Sub- 
cultures of the bacterium were made in sugar mediums, and the fermentation 
reactions were as follows: lactose and saccharose, negative for acid and gas; 
dextrose, xylose, levulose, maltose, salicin, dextrin, inulin, mannite, arabinose 
and dulcite, positive for acid and gas. 


Agglutination Tests: These tests were performed by adding a suspension 
of a growth of the bacterium isolated to varying dilutions of known typhoid, 
paratyphoid A, paratyphoid B and dysentery antiserums. Agglutination was 
positive with the paratyphoid B antiserum in the dilution 1: 1,280 and negative 
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with the other antiserums. The organism isolated from the blood was identified 
as Bact. paratyphosum B because of the fermentation reactions and because it 
was agglutinated by a known paratyphoid B antiserum. Blood culture December 
11 and December 16 showed a growth of this bacterium. This was bacterio- 
logically and serologically identical with that in the cultures of the blood made 
on December 8. 

On December 14 the patient’s serum did not agglutinate bacterium typhosum, 
Bacterium paratyphosum A, Bact. paratyphosum B, Brucella abortus, Brucella 
melitensis, Brucella tularensis or Bacterium dysenteriae (Shiga, Flexner). The 
patient’s serum agglutinated the organism isolated from his blood in the dilution 
of 1: 320. 

Stool Cultures: A warm specimen of feces examined on December 15 revealed 
no ova, cysts, amebas or other parasites by direct examination or by cultivation. 
Numerous grayish blue colonies appeared on the Endo agar plate. Subcultures 
in sugar mediums produced fermentation reactions typical of Bact. paratyphosum 
B and identical with those of the organism isolated from the blood. The bacilli 
were agglutinated by paratyphoid B antiserum in the dilution 1:1,280. Other 
agglutination tests were negative. 

Urine: Bact. paratyphosum B was isolated in pure culture from a specimen of 
urine examined on December 15. 

Pathologic Diagnosis—The following pathologic conditions were observed: 
Acute vegetative endocarditis of the aortic and mitral valves due to infection with 
Bact. paratyphosum B superimposed on old endocarditis; acute mural endo- 
carditis; early mycotic aneurysm of the sinus of Valsalva of the right aortic cusp; 
moderate insufficiency of the mitral and aortic valves with stenosis of their 
orifices ; acute and chronic myocarditis; hypertrophy and dilatation of the heart; 
presence of mural thrombi in the right auricle; presence of emboli in small 
branches of the pulmonary arteries; acute catarrhal enteritis; subacute splenic 
hyperplasia with petechial hemorrhages; bronchopneumonia; petechial hemor- 
rhages of the skin, conjunctivae and renal pelves; cloudy swelling of the liver and 
kidneys; passive hyperemia and edema of the lungs; hydrothorax; pulmonary 
emphysema; presence of an accessory ostium of the right coronary artery ; absence 
of the innominate artery (the right subclavian and right common carotid arteries 
arose directly from the aortic arch), and presence of an accessory right renal 
artery. 

Necropsy (Dr. Otto Saphir).—The essential observations at necropsy, which 
was performed two hours after death, were as follows: 

Numerous small red flat petechial hemorrhages measuring up to a few milli- 
meters were present in the skin covering the chest, abdomen and both axillary 
regions. There was edema of both ankles. The serous cavities showed no 
abnormalities. 

The heart weighed 450 Gm. The pericardial surfaces showed no changes. 
The myocardium cut with normal resistance, seemed somewhat firmer than normal 
and on section showed a few small whitish dots and streaks. The wall of the 
right ventricle measured 0.5 cm. in width; that of the left, from 1.5 to 1.8 cm. 
The mural endocardium was smooth and glistening except just below the aortic 
valve. A few mural thrombi were seen between the pectinate muscles of the 
right auricular appendage. The orifice of the mitral valve was narrowed, its 
leaflets were markedly thickened, cartilaginous in consistency and adherent to one 
another. Thin blood vessels were seen throughout the base of the valve. Through- 
out the line of closure small and moderately firm pinkish gray verrucous excres- 
cences were present. The posterior leaflet contained a rather dark brown, soft 
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and friable vegetation with a broad base, measuring 2 cm. in the greatest diameter. 
The chordae tendineae were thickened, shortened and partly fused. The mitral 
valve measured 8.5 cm. in circumference. The cusps of the aortic valve were also 
thickened, and their lateral margins were adherent to one another. Along the 
line of closure small warty excrescences were present. The right aortic cusp 
revealed on its aortic aspect a grayish red friable vegetation, measuring about 
1.5 cm. in diameter. The vegetation had extended to the aortic wall of the 
corresponding sinus of Valsalva and had perforated to some extent into the 
adjacent myocardium. The left aortic cusp also revealed a vegetation, which 
measured 0.5 cm. in the greatest diameter. The mural endocardium below the 
posterior cusp of the aortic valve showed a number of minute white thrombotic 
excrescences. The ostia of the coronary arteries were patent. The aortic valve 
measured 10 cm. in circumference. Neither the tricuspid nor the pulmonic valve 
showed any abnormalities. The foramen ovale and ductus arteriosus were 
closed. From the arch of the aorta four vessels arose, the right subclavian and 
right common carotid arteries originating directly from the aorta, 

The lungs revealed confluent bronchopneumonia. 

The liver was somewhat enlarged, weighing 1,900 Gm. The cut surfaces 
were light brown, the architecture obscured. 

The spleen was greatly enlarged and weighed 600 Gm. It was moderately 
soft and on section purplish red. The cut surfaces revealed a bulging pulp, 
which scraped away easily. The follicles were not visible. No gross hemorrhages 
were seen. 

The kidneys together weighed 460 Gm. The capsules scraped away easily, 
leaving smooth surfaces. The cortex and medulla seemed enlarged, and the 
architecture of the cortex was obscured. The mucosa of both pelves showed 
small petechial hemorrhages. The right kidney received an accessory artery 
arising from the abdominal aorta. 

The gastrointestinal tract showed Peyer’s patches to be enlarged. This was 
particularly noted in the lower part of the ileum. The cecum and intestines 
disclosed no remarkable changes. 


Histologic Observations—The heart presented throughout the myocardium 
foci of lymphocytic infiltration with occasional polymorphonuclear leukocytes, and 
endothelial leukocytes were found in some of the perivascular spaces. The region 
close to the vegetations revealed much fibrous connective tissue, which was infil- 
trated by occasional endothelial leukocytes and lymphocytes. Sections of the 
vegetation themselves showed a large number of polymorphonuclear leukocytes 
with necrosis, deposits of fibrin and accumulations of red blood cells. A number 
of small micro-organisms were seen in the more superficial regions, which by the 
use of the Giemsa, Gram-Weigert and methylene blue stains were revealed to be 
small slender bacteria, which morphologically resembled typhoid and paratyphoid 
organisms. 

The liver showed cloudy swelling; there were no foci of necrosis. 

The sinusoids in the splenic pulp were distended, and an extravasation of red 
blood cells was clearly noted. Throughout the pulp a number of endothelial 
leukocytes were seen, and occasionally polymorphonuclear leukocytes. The follicles 
seemed rather small and were well defined. 


Sections throughout the ileum revealed enlarged lymph follicles with great 
accumulations of lymphocytes and distinct foci of necrosis, which were surrounded 
by polymorphonuclear leukocytes. The germinal centers were hyperplastic. Within 
some of the large lymph follicles endothelial leukocytes were noted, the cyto- 
plasm of which contained several vacuoles. 
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Fig. 1—A, acute vegetative endocarditis of the aortic valve. Note the vege- 
tations within the sinus of Valsalva and on the aortic cusp. 8B, old endocarditis 
of the mitral valve with superimposed recent vegetations. C, section of the 
Gram-Weigert stain; x 1,260. 


aortic valve, showing bacteria on the vegetations; 
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Postmortem Bacteriologic Examination (Dr. K. M. Howell).—Smears and 
cultures were made of material taken from the vegetations on the aortic and 
mitral valves, from the base of one of the vegetations, from the mycotic aneurysm 
of the sinus of Valsalva, from the lungs, spleen, liver, Peyer’s patches and from 
the mesenteric lymph nodes. In the smears gram-negative bacilli were seen in 
large numbers both within leukocytes and free. In fact, there were so many 
gram-negative bacilli in the smears from the vegetations that the films resembled 
those taken from pure cultures. Cultures of the tissues with the exception of 
those from the intestine (mixed bacterial flora) contained gram-negative bacilli 
which bacteriologically and serologically were Bact. paratyphosum B. A post- 
mortem blood culture was identical with the antemortem blood cultures. 


SUMMARY 
In a case proved bacteriologically and serologically to be one of infec- 
tion with Bact. paratyphosum B the outstanding pathologic changes 
were : acute vegetative endocarditis of the aortic and mitral valves, super- 
imposed on old endocarditis; acute mural endocarditis, and an early 
mycotic aneurysm of the sinus of Valsalva, corresponding to the right 
aortic cusp. The myocardium revealed evidence of acute and chronic 


inflammation. There was cloudy swelling of the parenchymatous organs, 
also acute hyperplasia of the spleen with petechial hemorrhages. 
Enlarged lymph follicles were noted in the lower part of the ileum, 
with necrosis of the germinal centers and there was acute catarrhal 
enteritis. Both lungs showed early confluent bronchopneumonia. 
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OBSERVATIONS ON GUINEA PIGS GIVEN INTRA- 
CUTANEOUS INJECTIONS OF TUBERCULOUS 
EXUDATES 


RUSSELL D. HERROLD, M.D. 
AND 
CARRIE I. WOOLSEY, A.M. 


CHICAGO 


This study was made in an attempt to decrease the average period 
required for diagnosis when tuberculous material is inoculated into 
guinea pigs by the subcutaneous route. 

The preliminary observations were made on the sites of intra- 
cutaneous injections of 0.4 cc. amounts of the sediment of a urine that 
revealed tubercle bacilli in smears. At these sites lesions developed 
smears from’ which showed tubercle bacilli. In the three guinea pigs 
that were given the injections, positive diagnoses were made on the fifth, 
seventh and tenth days, respectively. When this urine was diluted to 
1:50 with normal urine, tubercle bacilli could not be demonstrated in 
smears in a reasonable period of search. The urine diluted 1: 50 pro- 
duced an abscess which showed tubercle bacilli within seventeen days. 
When the urine was diluted to 1: 500 with normal urine, it produced a 
lesion at the site of injection from which tubercle bacilli could be demon- 
strated on the twenty-first day. When the urine was diluted to 1: 5,000 
with normal urine, the period required for the demonstration of tubercle 
bacilli in the lesion at the site of injection was twenty-six days. From 
these observations it seems that, with the same strain of tubercle bacilli, 
the interval of time before a diagnosis can be made from the lesions is 
in proportion to the number of bacteria injected. An earlier demonstra- 
tion of tubercle bacilli in the smears can be made by incising the 
primary closed lesion, an example of which is shown in 4 in the figure. 
As a rule, the lesion later breaks down and produces a “‘punched-out” 
ulcer like that shown in B. Generally, this ulcer subsides and may heal 
completely before the guinea pig dies of generalized tuberculosis. 

The next series of observations were made by giving guinea pigs 
injections of exudates which were suspected of being tuberculous and 
which were sent to the clinical laboratory for diagnosis. Fifty-eight 
clinical specimens were included in this study. They were chiefly spinal 


From the Department of Urology, University of Illinois College of Medicine, 
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fluids, exudates from joints, pus of empyema, pleural effusions and 
urines. Included in the group were three sputums. All exudates were 
injected by both intracutaneous and subcutaneous routes. Thirty-eight 
specimens gave negative results by both methods, and autopsies did not 
reveal any tubercle bacilli at intervals varying from four to twelve weeks 
after inoculation. Nineteen exudates produced positive results by both 
methods. The intracutaneous lesion of one guinea pig showed tubercle 
bacilli on the thirty-eighth day, at which time there was no evidence of 
tuberculous adenopathy from injection by the subcutaneous method. 





A shows the lesion in an early stage; B, in a late stage. 


The results of the intracutaneous method may be summarized as 
follows: Three lesions showed tubercle bacilli on the seventh day ; five, 
on the fourteenth day; five, on the twenty-second day; six, on the 
thirtieth day, and one, on the thirty-eighth day. Tubercle bacilli were 
recovered from the lesions in more than half of the guinea pigs: within 
a period of twenty-two days. Since smears were taken only on the days 
indicated in the foregoing summary, it is obvious that smears showing 
the bacilli might have been obtained in some instances at an earlier date. 
Every guinea pig that was proved tuberculous by a smear from the intra- 
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cutaneous lesion eventually presented regional adenopathy and _ at 
autopsy revealed systemic lesions typical of tuberculosis. We ourselves 
did not make smears of the fifty-eight specimens that were sent to the 
laboratory for diagnosis, as it is the rule at the hospital that smears 
shall first be made in the laboratories of the respective wards, after 
which, if the material has shown no tubercle bacilli but is clinically sus- 
pected, specimens may be sent to the central laboratory for inoculation 
into guinea pigs. 

The intracutaneous route of inoculation may have advantages in 
addition to the shortening of the time in which a positive diagnosis can 
be made. It seems to rule out, partially at least, errors in diagnosis 
arising from spontaneous tuberculosis in the laboratory animals, since a 
positive lesion would be unlikely to develop at the site of an injection of 
nontuberculous material even though the animal were tuberculous. Sus- 
pected lesions frequently are in the process of development between the 
seventh and fourteenth days after inoculation before smears showing 
tubercle bacilli can be obtained, and when the lesions are absent, it sug- 
gests the need for further intracutaneous inoculation with suspected 
material from the same patient. It is well known that it is not unusual 
for tubercle bacilli to be present in exudates of the body at intermittent 
intervals. Also, it is possible that the course of the lesion may give some 
indication of the virulence of the particular tubercle bacilli, although in 
such deductions account would probably ave to be taken of the number 
of tubercle bacilli in the inoculum. Occasionally, nontuberculous lesions 
developed within from twenty-four to forty-eight hours from the second- 
ary bacteria of the exudates, but usually these healed promptly within a 
few days, and when tubercle bacilli were also present a tuberculous lesion 
developed later at the site of the original inoculation. 




















MEGAKARYOBLASTIC MYELOMA WITH CRYSTALLINE 
PROTEIN IN THE RENAL TUBES 


REPORT OF A CASE 
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The chief interest in this case is centered in three unusual features 
of the morphologic picture and in the results of biochemical studies on 
the tissues and excreted protein. The latter will be reported under 
another title by Drs. Welker, Mahle and Seed. This report will be 
limited to the morphologic aspects of the disease. As indicated by the 
title, the tumors which developed in the skeleton were composed of 
neoplastic cells of an extraordinary form, which will be described. The 
second rarely observed feature was the occurrence of crystalline protein 
in the tubules of the kidneys. A third feature which is noteworthy only 
because of its rarity is the appearance of metastases of myeloma cells 
in the cortex of the kidney. 


CLINICAL DATA 


The clinical history is that of a typical case of multiple myeloma. The patient 
was a white woman of 57 years at the time of admission to the Evanston Hospital 
under the care of one of us (A. E. M.). Her past health had been fairly good 
until 1931, the time of onset of her last illness. She recalled that in childhood she 
had had measles, whooping cough and occasional “growing pains.” She had suf- 
fered many attacks of sore throat previous to tonsillectomy in 1917. A nodose 
goiter had been removed in 1915, and her gallbladder had been removed for stones 
in 1918. In 1925, after an attack of acute abdominal pain simulating intestinal 
obstruction, blood was found in the urine. Cystoscopic examination was made at 
the time, and no cause for the bleeding was discovered. Somewhat similar attacks 
of abdominal! pain had occurred in the years 1928, 1930 and 1932. 

The symptoms of her present illness began about 1931 with dull aching pain 
in the region of the middorsal spine. The pain was aggravated by motion and did 
not disappear after the usual “loosening up.” After a few months it grew worse 
and extended anteriorly along the ribs. Pressure over the ribs increased its inten- 
sity. During 1932 the pain continued to increase in severity and occasionally 
necessitated taking of an opiate for relief. Several distressing bouts of pain, each 


Read before the Chicago Pathological Society, May 10, 1937. 
From the Department of Pathology and the Department of Medicine, North- 
western University Medical School, and Evanston Hospital. 
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lasting for from a week to ten days, were experienced during 1933. The patient 
became more helpless on account of pain, and even walking became difficult. Her 
family noticed that she was becoming stoop shouldered. She was conscious of 
dyspnea on exertion, and in the early part of 1934 she complained of a burning sen- 
sation in the epigastrium, especially severe a short time after eating. 

At the time of entrance to the hospital for observation in June 1934 she had 
so much pain on motion that she could not dress herself, used crutches when 
walking and required opiates occasionally to keep her reasonably comfortable. 

Physical examination revealed a nodular tumor, suggesting a nodose goiter, 
located on the left side of the neck just above the scar of an old thyroidectomy, 
marked kyphosis of the cervical and dorsal spine and distortion of the thoracic 
cage due to the abnormal curvature of the spine. Slight pressure over the ribs, 
such as that of the stethoscope during auscultation, caused extreme pain. There 
was free motion of the extremities, with no pain on motion. There were no 
neurologic findings which could be interpreted as abnormal. Rales were heard 
at the bases of the lungs posteriorly. The heart tones and rhythm were normal, 
and the blood pressure was 140 systolic and 70 diastolic. 

The blood picture was that of moderate hypochromic anemia, the hemoglobin 
readings during the five months in the hospital varying from 73 to 59 per cent 
(Newcomer), and the erythrocyte count from 3,360,000 to 2,960,000, with moderate 
anisocytosis and poikilocytosis. The leukocyte count was about 5,000 to 8,000, 
and the differential count was normal. The serum calcium was 9.40 and 9.54 mg. 
on two determinations, and the inorganic phosphates totaled 4.02 mg. per hundred 
cubic centimeters. The Wassermann and Kahn tests of the blood were negative, 
and the basal metabolic rate on one determination was minus 20. Numerous speci- 
mens of urine taken at different periods gave a positive Bence Jones reaction, 
recorded as “slight trace” to “three plus,” and a few specimens were entirely 
negative for protein. 

Roentgenologic examination of the entire skeleton revealed characteristic evi- 
dence of multiple myeloma in the skull, ribs, dorsal spine, pelvis, upper ends of the 
femur and both scapulas. 

June 11, a portion of the right eleventh rib was resected for microscopic exami- 
nation. This rib showed multiple reddish gray spongy tumor masses. Histologically 
the tumor cells showed such a striking degree of pleomorphism that the diagnosis of 
multiple myeloma for the first time seemed doubtful. There were large rounded 
cells with from 1 to 5 oval vesicular nuclei and eosinophilic cytoplasm (hema- 
toxylin-eosin stain). At this time the possibility of a metastatic, highly anaplastic 
tumor of the bone marrow was considered. 

Roentgen therapy was instituted and during the period of observation in the 
hospital the patient received a total of 1,750 roentgens (0.15 angstrom). 

Several weeks after admission to the hospital, the patient began to have a fever 
of from 100 to 101 F. and cough with considerable purulent sputum. Roentgen 
examination of the chest at the time revealed fluid in the right pleural cavity and 
several pathologic fractures, mainly on the right side. During the following two 
weeks there was evidence of consolidation of the posterior part of the right lung 
at the base, accompanied by irregular elevation of the temperature to from 99 to 
101 F., but with very little increase of pulse or respiratory rate. Another x-ray 
film, made a month after this period of fever, showed clearing of the fluid and 
of the pulmonary consolidation. There was still evidence of a fracture of the right 
seventh rib. 

In December 1934, after the patient had been at home for a few weeks following 
her discharge from the hospital, she again began to have fever, cough, purulent 
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expectoration and signs of pulmonary consolidation. She was very ill for about 
three weeks but finally recovered. The pain in the chest at this time became 
almost unbearable. 

During the next two years she became more and more bedridden and emaciated, 
but the pain decreased in severity so that opiates kept her comfortable. The 
spinal curvature became more marked, and severe pain developed in the sternum, 
following which prominent anterior bowing of the gladiolus occurred and the pain 
was relieved. 

Death occurred in July 1936, about two years after the patient’s admission to 
the hospital, when the diagnosis was established, and nearly five years after the 
onset of symptoms. 

POSTMORTEM OBSERVATIONS 

The postmortem examination was made four and one-half hours after death, 
and the essential observations were as follows: 

The skeletal changes were most prominent. The calvarium was of unusual 
shape, the crown being almost flat, and the upper portions of the parietal bones 
bulging to an abnormal degree. No nodules could be palpated in the calvarium 
through the tight scalp, and the head was not dissected because of restrictions. 
The deformity of the spine consisted of a pronounced anteflexion of the cervical 
and upper thoracic part of the spine, with the result that the lower region of the 
cervical part of the spine formed a right angle with the middle portion of the 
thoracic part of the spine. The sternum showed anterior bowing in its upper half 
and posterior angulation in the lower portion, the angle occurring at the site of 
attachment of the diaphragm. The outer surfaces of the ribs were smooth, but the 
inner surfaces showed several slightly protruding nodules on the right side. The 
surfaces of the vertebral bodies were smooth. On sagittal sections of the thoracic 
and lumbar parts of the spine, numerous spherical or irregular, sharply outlined 
masses of pale yellowish gray tissue, masses of hemorrhagic tissue and a few small 
cysts containing gelatinous fluid were seen. The cysts were located in the centers 
of the tumor nodules. From the tissue examined, it was estimated that about 50 
per cent of the vertebral marrow was occupied by the tumor tissue, hemorrhages or 
cysts. Similar involvement of the marrow of the ilia was seen on sections, though 
only slight irregularity of the inner margin of the right iliac crest was observable 
from the cortical surface. 

There was a degenerated, cystic, hemorrhagic node of the left lobe of the thyroid 
gland, and the remaining small fragments of thyroid tissue on each side showed 
nothing unusual except encapsulation by scar tissue. 

The lungs were partly atelectatic and slightly edematous. They contained no 
tumor tissue, and the trachea and bronchi appeared entirely normal. All of the 
other organs of the neck, thorax and abdomen were normal or. showed insignifi- 
cant alterations, such as slight fibroplastic deformity of the mitral valve, brown 
atrophy of the liver and slight hypertrophy of the adrenal cortex, with the excep- 
tion of the kidneys, which were more seriously altered. 

The weight of the kidneys together was about 120 Gm. The left kidney mea- 
sured 9 by 5 by 2.5 cm. and the right 7.5 by 4 by 2.5 cm. The capsular surfaces 
were uneven and studded with unevenly distributed cysts, which measured up to 
3 mm. in diameter and were filled with clear amber-colored fluid. In addition to 
these there were many fine yellow nodules in both, and a single poorly outlined, 
slightly elevated gray nodule in the cortex of the left kidney; measuring 4 mm. in 
diameter and resembling a metastatic tumor nodule. On sectional surfaces the 
normal markings of the cortex were obscured. The parenchyma was pale yellow- 
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gray, and the cortex measured from 2 to 4 mm. in thickness. The ureters and 
urinary bladder appeared to be entirely normal. 

The gross anatomic diagnosis was: multiple myeloma involving the bones of 
the spine, ribs, sternum, pelvis and femurs (involvement of the bones of the skull 
and scapulas also had been previously demonstrated by roentgen examination 
[fig. 1 A]) ; multiple old, healed fractures of the ribs and extreme deformity of the 
thorax; metastatic myeloma of the left kidney; slight fibroplastic deformity of the 
mitral valve; atelectasis, slight edema and slight bullous emphysema of the lungs; 
degenerated nodose goiter; generally contracted kidneys; brown atrophy of the 
liver; slight hypertrophy of the cortex of both adrenals, and marked general 
emaciation. 

HISTOLOGIC OBSERVATIONS 


Microscopic examination of the bones and of all the internal organs confirmed 
the gross anatomic diagnosis and yielded no additional information except in regard 
to the sections of kidneys and bones. 


Bones.—Paraffin sections of decalcified tissue from the sternum, ribs, vertebral 
| bodies, ilium and right femur were stained with hematoxylin-eosin, iron-hema- 
toxylin and Giemsa stain, and frozen sections were treated by Washburn’s ! peroxi- 
dase method and stained with sudan III for fat. With proper allowance for normal 
differences in structure in the different bones, the essential pathologic alterations of 
the bone and bone marrow in the various samples taken were the same. At the 
| sites of the larger nodules of tumor cells in spongy bones, the trabeculae had been 
i entirely destroyed. Outside of the tumor-bearing areas the marrow showed diffuse 
or focal hyperplasia, which involved the myelocytes particularly but also the 
erythroblastic elements and megakaryocytes. The nuclei of the bone marrow giant 
cells were generally well preserved, and the cytoplasm of most of them was filled 
with the specific azurophil granules. In addition, there was a disproportionate 
number of basophilic cells; some were undifferentiated cells of normal size, resem- 
bling hemocytoblasts, but most of them were much larger than normal hemocyto- 
blasts, many of them reaching the size of small megakaryocytes. Their nuclei 
were oval, indented, polymorphic or multiple. Many contained red nucleoli. The 
cytoplasm was deeply basophilic with Giemsa stain. They were indistinguishab’e 
from immature bone marrow giant cells before the acquisition of specific cytoplasmic 
granules (i. e., megakaryoblasts). The nodules of tumor cells presented different 
appearances depending on the degree of degeneration. The degeneration varied 
from slight pyknosis of nuclei or diffuse staining of cells to complete absence of 
recognizable cells and mucoid degeneration of the stroma. The latter state was 
apparent in nodules which macroscopically showed cystic degeneration. Amorphous 
masses and strands of basophilic mucoid substance were present in areas of marrow 
where few or no tumor cells could be found. Wide irregular zones of interstitial 
hemorrhage surrounded and merged with some of the areas of mucoid degen- 









eration. 

In nodules of well preserved tumor cells, unmixed with normal marrow cel's, 
there was wide variation in size and shape of the cells. The smallest were of the 
size of myelocytes. Their nuclei were not unlike those of normal promyelocytes, 
but their cytoplasm contained no granules that were stained with the Giemsa stain 
while in tumor-free areas of the same sections the neutrophilic and eosinophilic 
granules of the myelocytes were clearly and specifically stained. The great 
majority of cells were larger than myelocytes, some reaching the size of mega- 











1. Washburn, A. H.: J. Lab. & Clin. Med. 14:246, 1928. 
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EXPLANATION OF FIGURE | 
A, roentgenogram of the skull made Oct. 25, 1934, about twenty months before death. 
B, photomicrograph of renal cortex; Giemsa stain; xX 105. Rhomboid crystals and 


granular material may be seen in the dilated tubules. Most of the tubules are atrophic. 
Ihe stroma is increased and infiltrated with lymphocytes. 


C, photomicrograph of renal cortex, including part of a nodule of tumor cells. Pro- 
tein crystals are stained black with the iron-hematoxylin stain. A small rod-shaped 
crystal may be seen at the extreme right of the figure. 
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EXPLANATION OF FiGuRE 2 


A, photomicrograph of a nodule from a rib, showing the structure of the tumor. 
Hematoxylin and eosin; x 60. Fibrous stroma is relatively abundant (due to 
treatment with roentgen rays). 


B, higher magnification (x 500) of the tumor nodule, showing the pleomorphism 
of the cells; Giesma stain. There were no granulated cells in this nodule. 
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karyocytes (up to 35 microns). The larger cells contained the more complex 
nuclei. Their cytoplasm was relatively abundant and in sections stained with 
hematoxylin and eosin tended to stain with the acid stain, but in Giemsa-stained 
sections it was uniformly deep blue with uniform, extremely fine and slightly 
refractive but unstained granules. In only rare instances could fine azurophil 
granules be found in the tumor cells in the centers of nodules where the presence 
of normal marrow cells could be excluded. 

Kidneys.—In the kidneys, both cortex and medulla contained evidence of chronic 
inflammatory and degenerative processes. In the cortex, the convoluted tubules 
showed much more extreme alteration than the glomeruli. The fibrous stroma was 
much increased in all portions. Areas of extreme atrophy of the tubules were 
infiltrated more or less densely with small lymphocytes, and these areas alter- 
nated with smaller areas in which the tubules were in a better state of preserva- 
tion, some showing a moderate degree of hypertrophy and some a wide dilatation 
of their lumens. Even these showed granular degeneration and some loss of nuclei. 
In practically every low power field there were dilated convoluted tubules or loops 
of Henle or both, which were filled with faintly eosinophilic hyaline masses, many 
of which were in the form of rhomboid crystals. In places where the tubular 
epithelium had disintegrated, the crystalline masses were partly surrounded by 
multinucleated giant cells. The collecting tubules also showed advanced atrophy 
and various stages of disintegration. Many contained eosinophilic substance, cel- 
lular detritus, cylindric hyaline casts and amorphous hyaline masses. A few con- 
tained rhomboid or rod-shaped crystals. The relatively few remaining tubules in 
the pyramids were widely separated by an albumin-like homogeneous substance, 
proliferated fibrous tissue and a scanty infiltrate of lymphocytes. The alterations 
of the glomeruli were relatively mild and consisted of thickening of Bowman’s 
capsule, occasional adhesions between capsule and tuft or general atrophy of the 
glomerulus. Many of the glomeruli in the less seriously involved areas appeared 
to be entirely normal. The small and medium-sized arteries, however, were much 
thickened, and the lumens in many cases were reduced to small size or completely 
obliterated by concentric fibrous thickening. 

Only two foci of tumor cells were found in sections of the kidneys, both 
in the left one. The larger, noted grossly, was about 4 mm. in diameter, 
and the smaller, found in one of the routine sections, had a diameter about three 
times as great as that of an average-sized glomerulus. Both nodules were poorly 
outlined, merging gradually with the parenchyma. A few glomeruli persisted, but 
the tubules within the area occupied by the tumors had been destroyed. The tumor 
cells showed the same degree of polymorphism as those of the bone tumors. Most 
of them resembled hemocytoblasts or histiocytes. Many had 2 or more nuclei, and 
some of the larger cells had single giant polymorphic nuclei. The cytoplasm of all 
of the larger cells was finely granular or finely vacuolated. A few scattered cells 
were identical with plasma cells, but since a few plasma cells were present in other 
parts of the kidney it was not certain that they were derived from the tumor cells. 
The granules in the cytoplasm of the large cells were only slightly colored by 
sudan III in frozen sections, although a few ordinary macrophages could be found 
in the region of the tumor nodules, and these contained coarse red globules of fat. 





COMMENT 


A brief scanning of the literature proved that no one of the obser- 
vations in the gross and microscopic examination of this case was 
original. At least one case has been described in which there was shown 
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a high degree of pleomorphism of the tumor cells, with giant polymorphic 
nuclei. One of the three cases of oxidase-negative multiple myeloma 
described by Morse * in 1920 is similar to this one of ours, if we may 
judge from his description and photomicrographs. However, he con- 
sidered that the cells were morphologically and functionally more closely 
related to osteoblasts and osteoclasts than to. any of the cells of the 
marrow proper. His view was based on ie ct that the so-called 
plasma cell type of myeloma is not oxi Aone, dges not tend to 
differentiate in the line of granulocytes\and is predo 
destroying cell, as is the osteoclast. He*did not dis€uss the matter of 
the bone-forming properties of the osteoblast and the complete absence 
of any tendency of the myeloma cells to form new bone. Several other 
authors mentioned the occasional appearance of giant cells resembling 
either megakaryocytes or foreign body giant cells (multinucleated 
macrophages). Smith and Silberberg? recently published a report of 
a case in which the tumors were composed of pleomorphic undiffer- 
entiated cells resembling hemocytoblasts, together with a mixture of 
lymphocytes, plasma cells, immature red cells and megakaryocytes. From 
the evidence presented they concluded “that myeloma is a systemic dis- 
ease of the hematopoietic tissues of the bone marrow, the source being 
the hemocytoblast, which we assume to be the specific ‘as yet unrecog- 
nized marrow cell’ of Geschickter and Copeland.” This point of view 
coincides most closely with our own and is supported by the findings 
in our own cases, especially in the one recorded here. As was pointed 
out in the description of microscopic changes, the cells were in large 
part mononucleated cells resembling hemocytoblasts. Our reasons for 
applying the term “megakaryoblastic myeloma” are: There was a ten- 
dency for the cells to form multiple or multilobular giant nuclei with 
prominent nucleoli which closely resembled those of megakaryoblasts 
(figs. 2A and B). In a few instances fine azurophil granules similar 
to the cytoplasmic granules of maturing megakaryocytes appeared in 
the cytoplasm. At the borders of some of the tumors, in areas of gen- 
erally hyperplastic marrow cells, small granulated megakaryocytes with 








inantly a bone- 


relatively simple nuclei were especially numerous, and while there is 
no proof that they were derived from tumor cells their presence in large 
numbers was unusual and noteworthy. No stainable granules were seen 
in any of the myeloma cells in the metastatic nodules of the renal cortex. 
Possibly the conditions for differentiation here, as in the centers of 
most of the larger nodules in the bone, were not such as to permit 
maturation to this degree. 


la. Morse, P. F.: J. Cancer Research 5:345, 1920. 
2. Smith, R. P., and Silberberg, M.: Arch. Path. 21:578, 1936. 
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Metastases in the kidney from multiple myeloma have been recorded 
by Fraenkel,* Morse,’* Lohlein * and Kleine.’ All of these metastases 
were from myeloma of the nonoxidase-reacting type. Geschickter and 
Copeland ® also mentioned a case of theirs in which metastasis to the 
kidney occurred, but we have not been able to find any description of 
the case. It is interesting, but perhaps not significant, that of the four 
authors who have reported cases of multiple myeloma with renal metas- 
tases two mention that the metastases were associated with crystalline 
protein in the renal tubules, and these are the only two who have 
recorded such an observation in the literature so far as we have been 
able to find to date. The first to record the observation was Lohlein. He 
described metastases in the liver, spleen and kidney but said that the 
cells were more like those of hemoblastosis than of true blastoma. Since 
there were Bence Jones bodies but no other albuminous bodies in the 
urine, he concluded that the rod-shaped and rhombic crystals in the renal 
tubules must be crystalline Bence Jones protein. Kleine’s was the second 
instance. His case was complicated by glomerulonephritis, and both 
albumin and Bence Jones protein, as well as numerous granular casts, 
appeared in the urine. Giant cylinders which Kleine believed to be a 
mixture of hyaline and Bence Jones protein and which he termed crys- 
talloids were found in the dilated tubules of the kidneys, but no true 
crystals were found. In our case the dilated tubules showed numerous 
giant cylinders such as those pictured by Kleine, as well as numerous 
rhomboid and rodlike crystals (fig. 1 B and C), among the amorphous 
masses of protein-like substance which were contained in them. Histo- 
logically, there was evidence of mild, old glomerulitis, as well as the 
much more outstanding nephrosis which Bell * attributed to obstruction 
of the tubules by the large deposits of protein in the lumens. The possi- 
bility of crystallization of the protein in the tubules after death does 
not need to be discussed since foreign body giant cells had formed 
around the crystals and cylinders in many places. None of the material 
gave the reactions of amyloid substance. 

It is unlikely that the crystals represented pure Bence Jones bodies 
since thin rhomboid plates have not been encountered in the chemical 
isolation and crystallization of the protein from the urine. It is more 
probable that they represented a relatively insoluble combination of 
pseudoglobulin with one or more other substances which precipitated 


3. Fraenkel, E.: Virchows Arch. f. path. Anat. 216:340, 1914. 

4. Lohlein, M.: Beitr. z. path. Anat. u. z. allg. Path. 69:295, 1921. 

5. Kleine, H. O.: Beitr. z. path. Anat. u. z. allg. Path. 79:678, 1928. 

6. Geschickter, C. F., and Copeland, M. M.: Tumors of Bone (Including the 
Jaws and Joints), New York, American Journal of Cancer, 1936, p. 459. 

7. Bell, E. T.: Am. J. Path. 9:393, 1933. 
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out in the renal tubules in amorphous or crystalline form. So far as 
we are aware, the occurrence of such crystals has not been observed in 
any condition except multiple myeloma with Bence Jones proteinuria. 


SUMMARY 


A case of multiple myeloma is described in which the tumor cells 
were oxidase negative and displayed pleomorphism to a striking degree. 
The majority of the cells resembled hemocytoblasts, and the large mul- 
tilobular forms were thought to resemble megakaryoblasts. Besides the 
numerous tumors in the bones, there were two small metastases in one 
kidney. In both kidneys the tubules were dilated and degenerated and 
contained numerous cylinders, amorphous masses, and rhomboid and 
rod-shaped crystals. The relation of these crystals to Bence Jones protein 
is discussed. 


— 











USE OF THE FLUOROSCOPE IN EXAMINATION 
OF COLLEGE STUDENTS 


RUTH E. TAYLOR, M.D. 
CHICAGO 


It was Sir James Mackenzie who said that multiplying instruments 
of precision multiplies one’s opportunities for making mistakes, and this 
generalization may apply as well to the fluoroscope as it did to the 
clinical polygraph. To use the diagnostic armamentarium with discrimi- 
nation and judgment requires an intimate knowledge of it, which, 
unfortunately, cannot be obtained without some sobering experiences. 
To discount the value of information obtained by an interesting and 
striking method is at times difficult, especially when that method so often 
affords invaluable aid. 

Since the toll from pulmonary tuberculosis is highest between the 
ages of 18 and 35, the problem of its control is one of perennial interest 
to those engaged in work with college students, and the present discussion 
is limited to that aspect of the usefulness of the fluoroscope, although 
the instrument frequently contributes to one’s knowledge of other con- 
ditions of the chest, such as the size and contour of the heart and 
great vessels, intrathoracic tumors, the progress of resolution in pneu- 
monia and the expansion of a lung which has suffered a spontaneous 
pneumothorax. 

Although “opinion has bubbled freely from the wells of thought” 
on the subject of the relative merits of tuberculin testing, roentgen 
examination and fluoroscopic observation of young adults, there is not 
an abundance of statistical material which can be marshaled in defense 
of any one procedure. Bloch and Francis * believe that tuberculin testing 
does not equal fluoroscopic examination in reliability or efficiency since, 
because of the high incidence of positive tuberculin reactions in most 
adult groups in industrial and urban communities, a high percentage of 
tested persons require roentgen examination. Hetherington and Flahiff * 
found that when the cost of films is important fluoroscopic examination 
is a more efficient “screen” than tuberculin testing; i.e., a higher pro- 
portion of those selected for roentgen examination will have significant 
lesions. Amberson * has recommended the tuberculin test as a “screen” 


From the University of Chicago Health Service. 

1. Bloch and Francis: Personal communication to the author. 

2. Hetherington, H. W., and Flahiff, E. W.: Am. Rev. Tuberc. 27:71, 1933. 
3. Amberson, J. B.: J. A. M. A. 107:256, 1936. 
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if the community is known to have a low incidence of infection, and 
roentgenograms if the incidence is high. 

The incidence of failure in fluoroscopic diagnosis has been estimated 
as from 3 to 33 per cent, depending on the experience of the examiner, 
and it is of course true that roentgen is superior to fluoroscopic examina- 
tion, but when large groups are to be examined expense makes this 
procedure impracticable. 

In 1927, which marks the beginning of the period covered by the 
statistics of the University of Chicago Health Service, physical examina- 
tion was required of all entering undergraduates and was optional for 
graduates. Since 1930 exainination has been required of all entering 


students except summer school graduates. 


Data on the Incidence of Tuberculosis in the Student Body in a University 








Num- Num- Incidence of Inci- 
Num- ber ber Clinically dence of 
ber with with Num- Signifi Fluoro- 
Show- Num- Family Past ber eant Fluoro- scopic 
Students ing ber History History with Tuber- scopic Diag- 
Exam- Tuber- Hospi- Average ofthe ofthe Symp- culosis, Diag noses 
Year ined culosis talized _ Age Disease Disease toms per Cent noses per Cent 
1927 2,390 7 1 32 yr. 6 mo. 2 2 2 0.28 i. 
1928 2,464 6 3 28 yr. 8 mo. l 1 6 0.35 ste | 
1929 2,654 12 6 28 yr. 11 mo. 3 2 0.45 | 
1930 2,911 13 5 29 yr. 2 mo. 4 2 2 0.44 t 0.37 
1931 2,488 11 8 23 yr. 2mo. 2 5 11 0.44 | 
1932 2,296 10 s 26 yr. 6 mo. 3 4 8 0.43 ofr | 
1983 2,561 6 3 30 yr. 4mo. 3 2 5 0.23 ‘a j 
1934 2,803 1 4 28 yr. 2 mo. 5 4 9 0.46 6 
1935 2,737 15 6 26 yr. 5 3 4 0.54 8 > 0.44 
1936 2,738 9 3 27 yr. 4mo. 4 1 7 0.32 i .j 





In 1934 fluoroscopic examination of the chest was required of all 
entering students in addition to the routine physical examination. The 
accompanying table indicates the findings between 1927 and 1937. For 
the seven year period prior to the use of the fluoroscope the incidence 
of pulmonary tuberculosis, calculated on 17,764 examinations, was 0.37 
per cent, whereas the percentage in the past three years, calculated on 
8,278 examinations, was 0.44 per cent. Before the requirement of fluoro- 
scopic examination the average age of the student at the time of dis- 
covery of the disease was 28 years and 2 months; subsequent to the 
introduction of fluoroscopic examination the average age of the student 
at the time of discovery of the disease was 27 years and 4 months. 

Although these figures are not sufficiently striking to offer con- 
clusive proof that the case finding has been materially improved or that 
cases are found appreciably earlier than before, the large number of 
students examined leads me to believe that an improvement has been 


achieved. 
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The fallacy of relying on any examination to give permanent security 
against open pulmonary tuberculosis in a student body has been amply 
and repeatedly demonstrated in this service. One cannot believe that a 
population whose chests are normal by roentgen examination in Sep- 
tember will be entirely free from roentgen evidence of tuberculosis 
the following June, as significant and advanced lesions may appear in 
a surprisingly short time. 

Experience leads one to believe that tuberculosis occurs most fre- 
quently among oriental students, medical students and those with a 
history of tuberculosis in the family or of contact with the disease, 
and it would seem to me to be a long stride forward in preventive 
medicine if pulmonary tuberculosis were to be considered an infectious 
disease as communicable as diphtheria and if contacts were studied as 
carefully for evidence of infection as contacts with diphtheria. 








LYMPHOID HYPERPLASIA ASSOCIATED WITH 
THROMBOPENIC PURPURA 


LAURENCE E. COOLEY, M.D. 


DUBUQUE, IOWA 


An association of purpura with lymphoid hyperplasia would make 
one suspect that leukemia was present. The case to be reported is con- 
sidered of interest because of what seems to be an unusual combination 
of findings; that is, localized lymphoid hyperplasia, absence of abnor- 
mality of the white blood cells, and thrombopenia. 


REPORT OF A CASE 


A married woman aged 56 was admitted to Finley Hospital April 21, 1936, 
with a complaint of nosebleed which began twenty-four hours before admission. 
For the last three months there had been some soreness of the muscles. Twenty- 
four hours before admission a rash appeared on both legs. 

The father died of apoplexy at the age of 75. The mother was living and 
well at the age of 81. Three children of the patient died in infancy, one of 
“croup,” and a pair of twins when they were 3 weeks old. There was one mis- 
carriage. The husband and two children were living and well. There was no 
history of any tumor or blood disease in the family. 

The patient contracted smallpox when she was 15 and mumps when she was 20. 
She had influenza when she was 38 and neuritis in the right arm when she was 
43. When she was 49 she had her gallbladder and appendix removed after an 
acute exacerbation of disease of the gallbladder, which was of six months’ duration. 

She was a well developed, well nourished woman, lying quietly in bed and 
apparently not acutely ill, The eyes were normal. The right side of the nose 
was plugged with cotton and blood stained. Some blood oozed from the postnasal 
space. There was a little oozing from the inner margin of the three lower 
incisors. There were numerous hemorrhagic areas on the hard palate, on the 
tongue and on the buccal surfaces of the cheeks. Examination of the neck, heart 
and lungs showed nothing of interest. The blood pressure was 122 systolic and 
76 diastolic. The liver was slightly tender and extended 1 fingerbreadth below 
the costal margin. To the right of the midline of the trunk there was an old 
operative scar with a large ventral hernia beneath it. The spleen was much 
enlarged, extending to the midline 2 fingerbreadths below the umbilicus. To 
the right of the urethral orifice was a hemorrhagic mass approximately 2 cc. 
in diameter. The cervix was smooth but showed considerable mucopurulent dis- 
charge. The extremities were very tender to pressure. The upper extremities and 
trunk had a few hemorrhagic areas in the skin. In the skin of the lower 
extremities, especially in that of the calves, the hemorrhagic areas were extremely 
numerous. A blood pressure cuff on the arm held at 90 mm. of mercury for 
two minutes produced a large number of hemorrhagic areas below the cuff. 


Laboratory examination showed a white blood cell count of 4,600, a red blood 
cell count of 3,796,000 and a hemoglobin content of 74 per cent, with a color 
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index of 0.9. The differential count was 64 neutrophils, 22 small leukocytes, 8 large 
leukocytes, 1 basophil and 5 transitional cells. The red cells showed moderate 
achromia. No abnormal or immature white blood cells were seen. The bleeding 
time was twenty minutes, and the coagulation time was nine minutes. The 
platelet count was 56,000, and the clot was soft and contracted only slightly. 
The Wassermann test was negative, and microscopic examination of the cervical 
discharge failed to reveal any specific organisms. The urine showed 35 mg. of 
albumin per hundred cubic centimeters, from 20 to 30 leukocytes and from 2 to 4 
erythrocytes per high power field. Otherwise, the urine was normal. The blood 
contained 8.33 mg. of calcium per hundred cubic centimeters. 





On admission the patient’s temperature was 101.6 F. It varied between 99 
and 101 F. for the rest of the stay in the hospital. 

There was a suspicion that the patient’s diet had been inadequate in vitamin C, 
so she was placed on a general diet containing a large amount of vitamin C.’ Also, 
calcium was given by mouth. Daily examinations of the blood were made. There 
was no essential change in the red or the white cell count, and no evidence of 
abnormality of the white blood cells was seen. The platelet count gradually rose 
from 56,000 to 113,000. The patient was given a transfusion of 400 cc. of blood. 
Immediately after the transfusion she complained of a severe headache. Although 
no localizing signs were elicited, it was thought that she was baving a cerebral 
hemorrhage. The patient continued to show oozing of blood from the nose and 
mouth and began to vomit blood. She became much worse and died six days 
after admission to the hospital. 

Autopsy (Dr. F. P. McNamara).—Evidences of old and recent hemorrhages 
were found in the skin. The liver and kidneys showed evidences of acute con- 
gestion. The spleen was remarkably enlarged and weighed 610 Gm. The capsule 
was tense. There was no evidence of inflammatory reaction on the surface of the 
spleen. The malpighian corpuscles were greatly enlarged and stood out as pale 
green areas. Around the stomach and along the abdominal aorta were numerous 
greatly enlarged lymph nodes. The largest of these measured approximately 
2.5 cm. in diameter. On section they appeared to be similar to the spleen. 

Microscopic examination of the liver showed collections of round cells about 
the hepatic trinity. The spleen showed intense congestion, and the lymph follicles 
were markedly hyperplastic. The sinuses were crowded with cells which seemed to 
be of lymphoid origin. The sinuses and lymph nodes were filled with lymphoid 
cells of the same type. The rest of the organs showed nothing unusual. Permis- 





sion to examine the brain could not be obtained. 

Anatomic Diagnosis—The primary conditions were (1) thrombocytopenia ; 
purpura haemorrhagica with hemorrhages from the nose, mucous membranes, lungs, 
heart, stomach, intestine and probably the brain; acute splenic tumor; acute 
abdominal lymphadenitis ; ascites, and interstitial emphysema of the left lung. The 
subsidiary conditions were (1) arteriosclerosis and (2) scar of appendectomy and 
cholecystotomy. 

THE LITERATURE 

In the early part of the eighteenth century Werlhof? separated 
the purpuras from various pathologic conditions associated with 
hemorrhage. In 1883 Kraus? noted a decrease in the number of 
platelets in a case of purpura, while in 1887 Denys? found that the 


1. Quoted by De Sanctis and Allen.® 
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clotting time was normal but that the clot did not retract in certain 
cases of purpura. Since that time numerous articles have appeared, 
and gradually the syndrome of idiopathic thrombopenic purpura has 
been defined and generally accepted. Almost every one is agreed that 
platelets arise from the megakaryocytes in the bone marrow. Duke ? 
showed that the platelets live only a few days. Presumptive evidence 
indicates that the recticulo-endothelial cells of the spleen destroy the 
platelets. As to the cause of the platelet deficiency in thrombopenic 
purpura there have been two schools of thought: Frank * proposed the 
theory that there is underproduction of platelets, while Kaznelson * 
claimed that there is overdestruction of platelets by the spleen. Since 
Kaznelson’s work, extirpation of the spleen has become a popular 
method of treatment for thrombopenic purpura, and the clinical results 
obtained tend to support the theory of overdestruction by the spleen. 
Steiner and Gunn,*® working with animals, found that any type of 
trauma is effective in stimulating the production of platelets. On the 
other hand, Giffin ® stated that the increase after trauma is not as great 
as after splenectomy and cited cases from his clinical experience in 
which other operations had been performed. He found five patients 
with thrombopenic purpura who had been subjected to major surgical 
procedures, and in none of them did he discover that the course of 
the disease had been altered by the major surgical operations. Tidy‘ 
declared that the spleen destroys all cells that are below a certain 
standard whether because of senility or because of a defect in their 
production. He stated that it is impossible to separate thromobopenic 
purpura from other forms of purpura with a normal number of plate- 
lets. De Sanctis and Allen *® stated that injection of a vital stain such 
as trypan blue into the reticuloendothelial system to the degree of 
occluding the system with the dyestuff causes an increase in the number 
of platelets and red cells closely paralleling the sequelae of splenectomy. 
Since a large division of the reticulo-endothelial system is represented 
in the spleen, removal of this organ would eliminate a good share of 
the reticulo-endothelial cells in the body. De Sanctis and Allen 
expressed the belief that the beneficial effects of splenectomy are due 
to the removal of these cells, which have unusual thrombocytolytic 
action. They stated that the fact that thrombopenia recurs in some 
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splenectomized patients seems to indicate that other portions of the 
reticulo-endothelial system have continued with the abnormal function 
of destroying platelets. Pearce and Austin ® found experimental sup- 
port for this theory. They discovered vicarious hyperplasia of the 
remaining reticulo-endothelial system in splenectomized animals. In 
a thorough and excellent résumé on the clinical significance of the blood 
platelet Mackay *° stated that the diminution in the number of platelets 
is a secondary or coincident phenomenon and not the essential cause of 
the illness. He found evidences of abnormalities in the size, granula- 
tion and staining reaction of the platelets in the blood in other patho- 
logic states. These abnormalities have been described by others as 
peculiar to thrombopenia. He believed, therefore, that the hemorrhage 
is not due to an inherent defect in the platelets as determined by 
morphology. He stated that the diminution in the number of platelets 
in purpura is due to toxic inhibition of the normal formation of platelets 
and not to excessive destruction of platelets. Lescher and Hubble ™ 
declared that thrombopenia will eventually be divided into at least two 
groups: (1) a group in which there is deficient production of mega- 
karyocytes and (2) a group in which there is defective separation of 
platelets from megakaryocytes, possibly due to deranged splenic func- 
tion. They expressed the belief that disorders of the bone marrow 
such as agranulocytic angina, thrombopenia, pure red cell anemia and 
aplastic anemia probably have a common pathogenesis. Minot ** 
reported six cases of thrombopenic purpura associated with temporary 
leukocytosis and enlargement of some of the lymph glands. All of the 
patients recovered and were perfectly well when last seen. At autopsy 
in a case of idiopathic thrombopenic purpura described by Lytle and 
Ward '* generalized lymphadenopathy was found. No evidence of any 
other blood dyscrasia or lymphatic disease was discovered. The cases 
described by Minot and Lytle and Ward seem to bear the closest 
resemblance to the one reported in this article. 


COMMENT 


Clinically the case described here answers all of the criteria of a 
typical case of thrombopenic purpura. At necropsy no explanation 
could be found for the pronounced hyperplasia of the lymph nodes along 
the abdominal aorta. There had been no evidence of lymphatic disease 
in the blood, and microscopic examination of the enlarged lymph nodes 
did not suggest any type of lymph tumor. The interesting thing was 


9. Pearce, R. M., and Austin, J. H.: J. Exper. Med. 16:780, 1912. 
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12. Minot, G. R.: Am. J. M. Sc. 192:445, 1936. 

13. Lytle, C. C., and Ward, D. F.: J. Iowa State M. Soc. 27:296, 1937. 
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that the lymph nodes and the spleen gave almost identical microscopic 
pictures. From this fact one can surmise that splenectomy would not 
have been beneficial in this patient, if excessive destruction of the 
platelets was due to activity of the spleen. The abdominal lymph nodes 
would probably have continued to participate in the destruction of 
platelets. In a review of idiopathic lymphatic hyperplasia Wiseman ™ 
made a division into two groups: (1) neoplastic conditions without 
leukemia (lymphosarcoma) and with leukemia (leukosarcoma) and (2) 
benign hypertrophies without leukemia (lymphatic pseudoleukemia) 
and with leukemia. According to this classification, the case reported 
here could be classed as one of lymphatic pseudoleukemia if the hyper- 
plasia had been generalized. In some cases of lymphatic pseudoleuke- 
mia the lymphoid cells are allowed to get into the blood stream; then 
the condition becomes true leukemia, and purpura may develop as one 
of the sequelae. This case does not fit into Wiseman’s classification. 
It is my belief that the enlarged abdominal lymph nodes were taking 
part along with the spleen in the excessive destruction of platelets. It 
is suggested that further study be made of the lymph glands in cases of 
thrombopenic purpura. Such study may give further clues to the etiol- 
ogy of thrombopenic purpura. 
SUMMARY 
A case of thrombopenic purpura associated with localized lymphoid 


hyperplasia is reported and the pertinent literature reviewed. 


613 Roshek Building. 


14. Wiseman, B. K.: Ann. Int. Med. 9:1303, 1936. 











SENSITIVENESS TO INSULIN AND OPTIMAL 
DIETS IN DIABETES 


WALTER H. NADLER, M.D. 
CHICAGO 


A relation of the total metabolism and body weight to diabetic dis- 
order is generally conceded. That wide shifts in the carbohydrate and 
fat intake are possible with little or no change in the insulin require- 
ments, provided the total number of calories remains the same, has 
long been recognized. Since some patients are apparently benefited 
clinically by a diet high in carbohydrate, a means of recognizing such 
patients would be of value. 

A test which seerhs to make, such differentiation possible has been 
described by Himsworth.t| Using a combined insulin and dextrose 
tolerance test and examining both venous and capillary blood, he demon- 
strated two strikingly different curves. Patients sensitive to insulin 
showed a fall in blood sugar and an increase in the difference between 
capillary and venous values, while insensitive patients showed a rise in 
blood sugar and little or no change in the capillary-venous difference. 
Classified according to this method, the former were found able to 
utilize large increases in the carbohydrate allowance of equicaloric diets 
without additional insulin, whereas the latter were not able to do so. 

The following is a review of changes in carbohydrate allowance and 
insulin dosage in a series of nine patients, classified according to their 
present sensitivity to insulin. 


REPORT OF CASES 


Seven of the nine patients had been treated with regular insulin 
for from two to six years. These patients subsequently received prot- 
amine zinc insulin for periods varying between six and eighteen months ; 
with one exception all seem to require supplementary insulin. Two 
patients have received new insulin from the start. 

In testing for sensitivity to insulin the method described by Hims- 
worth? was used with only slight modification. Samples of capillary 
and venous blood were drawn from the stabilized and fasting patient. 
Regular insulin was then injected intravenously, 5 units per square 
meter of body surface, as determined from a nomogram, and 30 Gm. 


From the Department of Medicine, Northwestern University Medical School. 
1. Himsworth, H. P.: Lancet 1:127, 1936. 
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of dextrose per square meter of body surface was given immediately 
afterward. At intervals of five, ten, twenty, thirty, forty, fifty and 
sixty minutes after ingestion of the dextrose, samples of capillary and 
venous blood were obtained. The blood sugar in each sample was 
determined by a modification of the Folin-Wu micromethod ;* dupli- 
cate determinations were usually made.* The fact that all of the patients 
had received their last injection of protamine zinc insulin about twenty- 
six hours before the test may, in several instances, have modified the 
curves obtained. 


Case 1.—Billy A., aged 16 years, weighing 129 pounds (58 Kg.) and measuring 
67% inches (171.5 cm.) in height, is sensitive to insulin. Diabetes was discovered 
six years ago, and observation has been continued for three years. Control was 
poor because of nocturnal hyperglycemia on a diet made up as follows: carbo- 
hydrate 100 Gm., protein 80 Gm. and fat 160 Gm., with three daily doses of insulin 
as large as 60, 15 and 40 units. By the addition of new insulin, utilization of 
carbohydrate 150, protein 80 and fat 135 Gm. has been effected with 40 units of 
protamine zinc and 10 units of regular insulin. 

Case 2.—Michael G., aged 18 years, weighing 130 pounds (69 Kg.) and 
measuring 68 inches (173 cm.) in height, is sensitive to insulin. Diabetes was 
found nine years ago, and treatment has been continued for six years. For more 
than four years satisfactory control was impossible because of nocturnal hyper- 
glycemia and frequent severe reactions (carbohydrate 70, pretein 70 and fat 160 
Gm.; insulin, 35-0-25 units). By the use of new insulin, good control has been 
maintained with carbohydrate 160, protein 90 and fat 140 Gm. and 40 units of 
protamine zinc and 10 units of regular insulin. 

CasE 3.—Miss H. K., aged 26 years, with a weight of 117 pounds (53 Kg.) anda 
height of 65 inches (165 cm.), is sensitive to insulin. Diabetic for seven years 
and under treatment for five and a half years, she was slightly undernourished 
and subject to reactions. Only fairly effective control was maintained on carbo- 
hydrate 100, protein 80 and fat 190 Gm., with insulin 30-0-20. With new insulin, 
40 units, and regular insulin, 15 units, a diet of carbohydrate 150, protein 62 and 
fat 171 Gm. has generally been utilized. Slight instability persists. Last August, 
four months before the test for sensitivity to insulin, jaundice was present for 
several weeks. After recovery, a Graham and a bromsulphalein test were 
negative. 

CasE 4.—Mrs. B., aged 52 years, with a weight of 153 pounds (69.4 Kg.) 
and a height of 66 inches (167.5 cm.), is sensitive to insulin. Symptoms began 
four and a half years ago, and treatment has been carried on for three and a half 
years. The case is evidently one of mild diabetes in a previously overnourished 
woman. Control was satisfactory on carbohydrate 80, protein 60 and fat 70 Gm., 
with insulin 16-0-16 units, and continues excellent on carbohydrate 110, protein 65 
and fat 72 Gm., with 20 units of new insulin. 

Case 5.—Mr. W., aged 29 years, with a weight of 126 pounds (57 Kg.) and 
a height of 68 inches (173 cm.), is sensitive to insulin (chart 1). Undernourishment 
had existed for many years. Six months ago, when symptoms were first noticed, 
his weight was 110 pounds (50 Kg.). Hospital treatment with new insulin was 


2. Nadler, W. H.; Starr, P., and Tukev, G.: Arch. Int. Med. 36:579, 1925. 
3. The blood sugar determinations were made by Miss Ruth Stott. 
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begun six months ago. Carbohydrate has been gradually increased. Satis- 
factory stabilization has been maintained on carbohydrate 230, protein 92 and fat 
156 Gm., with from 10 to 20 units of protamine zinc insulin. This patient is not 
a “seasoned diabetic.” An increase in tolerance was to be expected after the 
institution of treatment. 

Case 6.—Miss H., aged 18 years, weighing 148 pounds (57 Kg.) and measuring 
63% inches (161 cm.) in height, is not sensitive to insulin. Glycosuria was found 
about two years ago, and insulin treatment was started. When she came under 
my care nine months ago, stabilization had not been effected. Fairly satisfactory 
control was possible with new insulin, 40 units, and regular insulin, 20 units, and 
a diet of carbohydrate 130, protein 70 and fat 60 Gm. For five months 45 units 
of new and 20 units of regular insulin have afforded utilization of carbohydrate 
150, protein 72 and fat 60 Gm. 
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Chart 1 (case 5).—The curves indicate that the patient is sensitive to insulin. 
The diet for months had been made up as follows: carbohydrate 160, protein 90 
and fat 140 Gm.; the insulin dosage was 40 units of protamine zinc and 10 units 
of regular insulin in the morning. Specimens of urine taken before and after 
the test were sugar free. 
At the time of test the patient was 29 years of age, weighed 126 pounds (57 
Kg.), was 68 inches (173 cm.) tall and had a body surface of 1.66 square meters 
(2 sq. yd.). The test dose of dextrose was 50 Gm., with 8.3 units of insulin. 


Case 7.—Mr. T. S., aged 33 years, with a weight of 156 pounds (71 Kg.) 
and a height of 67 inches (170 cm.), is not sensitive to insulin (chart 2). Glyco- 
suria was discovered ten years ago, and management has extended over a period 
of seven years. One of two children is diabetic. Owing to nocturnal hyper- 
glycemia, control was poor on carbohydrate 100, protein 70 and fat 135 Gm., with 
insulin 30-0-20 units. With the addition of new insulin excellent control became 
possible. A diet of carbohydrate 132, protein 70 and fat 150 Gm. is utilized with 
40 units of protamine zinc and 10 units of regular insulin. A further increase 
in carbohydrate has not been attempted since the patient is satisfied with his diet. 
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Case 8.—Miss G., aged 40 years, with a weight of 133 pounds (60.5 Kg.) 
and a height of 68% inches (173.5 cm.), is not sensitive to insulin. Slight under- 
nourishment has been present since childhood. Glycosuria was found fourteen years 
ago, and insulin treatment was started; the diet was low in carbohydrate. Insta- 
bility was marked. When she came under observation eight months ago, an 
equicaloric diet containing 150 Gm. of carbohydrate was given; an increase in 
insulin dosage was necessary. Control was fair on carbohydrate 150, protein 70 
and fat 100 Gm., with 40 units of new and 20 units of old insulin. With a diet 
of carbohydrate 160, protein 70 and fat 120 Gm. and 50 units of protamine zinc 
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Chart 2 (case 7).—The curves indicate that the patient is sensitive to insulin. 
The preceding diet had consisted of carbohydrate 132, protein 76 and fat 150 Gm.; 
the insulin dosage was 40 units of protamine zinc and 10 units of regular insulin 
in the morning. Specimens of urine taken before and after the test were sugar free. 

At the time of the test the patient was 33 years of age, weighed 156 pounds 
(71 Kg.), was 67 inches (170 cm.) tall and had a body surface of 1.8 square meters 
(2.1 sq. yd.). The test dose of dextrose was 54 Gm., with 9 units of insulin. 


and 12 units of regular insulin, fairly good control has been established, but 
instability persists. There is no clinical evidence of hepatic damage, and the 
Graham test is negative. 

CAsE 9.—Miss M., aged 57 years, weighing 100 pounds (45.5 Kg.) and measur- 
ing 56 inches (142 cm.) in height, has intermediate blood sugar curves (chart 3) ; 
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i.e., in one respect they suggest that she is not sensitive, and in another, that she 
is sensitive, to insulin. Always undernourished, she is arteriosclerotic and has 
benign arterial hypertension. There is a history of hay fever (ragweed) of sixteen 
years’ duration. Symptoms of diabetes began eleven months ago. When treatment 
with new insulin was begun, nine months ago, she weighed 90 pounds (40.8 Kg.). 
Satisfactory stabilization was effected with carbohydrate 120, protein 67 and fat 
70 Gm. and 20 units of protamine zinc insulin. The diet has been increased to carbo- 
hydrate 160, protein 70 and fat 110 Gm., and only 15 units of insulin is required 
to maintain excellent control. The improvement in tolerance observed may be 
a part of the improvement expected in a previously untreated diabetic patient. 
The blood sugar curves are, as stated, “intermediate.” In their general appearance 
they suggest insensitiveness to insulin with a delayed rise and, at the same time, 
they show a wide difference between arterial and venous levels, which is charac- 
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Chart 3 (case 9).—These curves are of an intermediate type. In general 
appearance they suggest that the patient is insensitive, with a delayed rise in blood 
sugar; the wide difference between the arterial and venous levels suggests sensi- 
tiveness to insulin. The preceding diet was: carbohydrate 160, protein 70 and 
fat 110 Gm.; 10 units of protamine zinc insulin was given in the morning. Speci- 
mens of urine taken before and after the test were sugar free. 

At the time of test the patient was 57 years of age, weighed 100 pounds 
(45.5 Kg.), was 56 inches (142 cm.) tall and had a body surface of 1.3 square 
meters (1.5 sq. yd.). The test dose of dextrose was 39 Gm., with 6.5 units of insulin. 


teristic of sensitiveness to insulin. It is possible that the protamine zinc insulin 
injected twenty-six hours previously had an effect in delaying the rise in blood 
sugar and in producing the wide difference between arterial and venous levels. 


Of the nine patients tested, five were sensitive and three insensitive 
to insulin; one showed an intermediate type of curve (table). The 
response was not predictable from the standpoint of age, state of nutri- 
tion, stability or severity of the disease. In sensitive patients glycosuria 
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appeared at the ages of 9, 10, 19, 28 and 45 years, respectively, and in 
insensitive ones, at the ages of 16, 23 and 25 years. The most unstable 
patient is insensitive, but another unstable patient is sensitive. 

The diabetes has been easily controlled in three patients (two sensi- 
tive and one intermediate). In the remaining six patients satisfactory 
management had been difficult or impossible to obtain with regular 
insulin. This was due to persistent nocturnal hyperglycemia in three 
of them, to a high level of blood sugar during fasting and instability 
in one, and to instability in one. In the four patients with uncontrolled 
nocturnal hyperglycemia, of whom two were sensitive to insulin and 


Summary of Data on Nine Patients 








Previous Treatment Present Treatment 
ae ae remaeeematicm ae, gee — —_ ~ 
Car- Car- 
Sex bohy- bohy- 
Pa- and drate, Calo- Insu- drate, Calo- Insu- 
tient Type Age Weight Gm. ries lin Control Gm. ries lin Control 
1 Sensitive M Normal 100 2,160 115 Poor(R)* 150 2,135 40P+ Good 
16 10 
2 Sensitive M —T% 70 2,000 60 Poor (R) 160 2,260 40P Good 
18 10 
3 Sensitive F —10% 100 , 2,430 50 Fair (R), 150 2,417 40P Good, 
26 unstable 15 slightly 
unstable 
4 Sensitive F Normal 80 1,190 32 Good 110 1,348 2P Excellent 
52 
5 Sensitive M —-20% 215 2,210 15P Excellent 230 2,692 10P Excellent 
6 Insensitive F +22% 100 1,340 40 P Fair 150 1,428 45 P Good 
18 20 20 
7 Insensitive M Normal 100 1,560 50 Poor 132 2,182 40P Good 
33 10 
8 Insensitive F —14% 150 1,780 40P Fair(R), 160 2,000 SOP Fairly 
40 20 unstable 12 good, 
unstable 
9 Interme- F —200% 120 1,378 20 P Good 160 1,910 15P Excellent 
diate 57 





* R means reactions, 
+ P means protamine zinc insulin. 


two insensitive, control was markedly improved by the addition of 
protamine zinc insulin. This was to be expected since slow-acting 
insulin has been shown to be particularly effective in diabetic patients 
of this type.* The two unstable patients remain unstable but are much 
better managed by the new insulin. Six patients previously adjusted 
to insulin require regular insulin in addition to protamine zinc insulin. 

As regards the ability of sensitive patients to utilize marked addi- 
tions in carbohydrate intake, the affirmative conclusion of Himsworth 
seems to be supported by the results obtained in “seasoned” patients 
1, 2 and 3. With approximately equicaloric diets, the carbohydrate 
intake has been increased 50 per cent in two of these patients and over 


4. Nadler, W. H., and Isaacs, B. L.: J. Lab. & Clin. Med. 23:241. 1937. 
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100 per cent in one while the total insulin dosage has been reduced in 
two. It should be noted that on the lower carbohydrate allowance these 
patients were stabilized, but not well controlled, with regular insulin. 
By the addition of the new insulin satisfactory control was effected, 
increased carbohydrate intake was utilized and usually less insulin was 
required. 

In regard to the three insensitive patients (6, 7 and 8) conclusions 
as to an optimal diet are less definite. Patient 7 is perfectly controlled 
with protamine zinc and regular insulin, and only a slight increase in 
carbohydrate (33 per cent) has been attempted. Patient 8 had needed 
more insulin when the carbohydrate was increased, but was unstable 
at all times. After adding protamine zinc insulin no increase in toler- 
ance occurred. 

COMMENT 


Various tests for sensitiveness to insulin have been described, and 
an effort has been made to utilize the information gained as a guide to 
dietary management. MacBryde*® examined capillary blood sugar 
curves for four hours after giving insulin (1 unit per 10 pounds 
[4.5 Kg.] of body weight, injected subcutaneously with the patient in 
the fasting state). In a study of fifteen patients, those showing a fall 
in the blood sugar level of from 61 to 75 per cent were classed as sensi- 
tive, while those showing a drop of from 32 to 53 per cent were inter- 
preted as relatively resistant. Classified on this basis, seven of the 
eight patients sensitive to insulin failed to gain tolerance on diets high 
in carbohydrate, while the seven resistant patients, of whom five were 
obese, all gained tolerance. 

The method described by Himsworth reveals more striking differ- 
ences, apparently depends on different criteria for sensitiveness and 
insensitiveness, and leads to contrary clinical conclusions. Himsworth * 
has shown that in healthy men and animals the absolute amount of 
carbohydrate is the sole dietetic factor which influences sugar tolerance 
and that carbohydrate increases sensitivity to insulin. He believes that 
the effect of insulin is governed by an unknown factor or condition. A 
deficiency of this factor results in impaired peripheral action, possibly 
influenced by a substance from the anterior pituitary body, and is 
responsible for insensitiveness to insulin. That the liver cannot be 
solely responsible is indicated by the reported finding that sensitiveness 
to insulin induced in the normal dog is not abolished by removal of the 
liver. 

Since conservative clinical experience suggests that a diet containing 
approximately 150 Gm. of carbohydrate is satisfactory for the average 


5. MacBryde, C. M.: J. Clin. Investigation 15:577, 1936. 
6. Himsworth, H. P.: Proc. Roy. Soc. Med. 29:658. 1936. 
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patient,’ there seems to be little reason to exceed this amount except in 
individual cases. According to Himsworth’s work, exceptional patients 
who are sensitive to insulin may safely and perhaps profitably be 
adjusted to diets containing considerably larger amounts of carbohy- 
drate. Insensitive patients, on the other hand, will apparently not 
utilize diets high in carbohydrate without a corresponding increase in 
insulin dosage. 
SUMMARY 


The test described by Himsworth to differentiate between patients 
who are sensitive and patients who are insensitive to insulin shows strik- 
ing differences between the two types. Curves of intermediate type 
may apparently be obtained. In reviewing the changes that had been 
made in diet and insulin dosage in a series of nine diabetic patients, it 
has been found that insulin-sensitive patients, stabilized but not well 
managed on diets relatively low in carbohydrate, were able to utilize 
approximately equicaloric diets containing incrcases in carbohydrate of 
from 50 to 100 per cent without requiring additional insulin. The pro- 
longed effect of protamine zinc insulin was partly responsible for the 
increase in tolerance observed. In three patients who were insensitive 
to insulin comparable results have not been obtained. 


7. Joslin, E. P.: J. A. M. A. 109:497, 1937. 
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CLINICAL AND STATISTICAL STUDY OF 
SORE THROAT IN YOUNG ADULTS 


PAUL S. RHOADS, M.D. 


EVANSTON, ILL. 
AND 


M. L. AFREMOW, M.D. 
CHICAGO 


Streptococcic sore throat is the greatest cause of illness among the 
nurses at the Cook County Hospital. In addition, there is a carrier 
problem affecting healthy nurses and patients. 

For these reasons a study was made to determine: 

"1. The incidence of this disease 

2. The time lost through disability because of this disease 

3. The clinical differences between attacks of sore throat due to the 
hemolytic streptococcus and those not associated with this streptococcus 

4. The relative severity of the disease in these two groups as com- 
pared with scarlet fever in a similar age group 

5. The relative frequency of sore throat among nurses working in 
different wards 

6. The influence of active immunization against scarlet fever on 
the clinical course and sequelae ; 

7. The effect of hemolytic streptococci in the nose as well as in 
the throat as compared with their effect when in the throat alone 

8. The effect of previous tonsillectomies on the incidence, course 
and complications 

The patients selected for this study were nurses who were hos- 
pitalized with the complaint of sore throat. They differ from the aver- 
age patient in that their profession necessitates more frequent exposure 
to infections and in that practically all have a negative reaction to the 
Dick test before going into the wards. 

The attacks of sore throat occurred through all seasons of the year 
from November 1935 to November 1937. In all cases cultures were 
made from nasal and pharyngeal secretions on Loffler’s medium and on 
blood agar. 

Of the group of 240 patients studied, 159 had hemolytic strepto- 
cocci in the throat or nose in considerable numbers and 81 had no 
hemolytic streptococci. For this study no further differentiation of the 


From the departments of medicine of the Northwestern University Medical 
School and University of Illinois College of Medicine. 
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bacterial growth in the throats of the latter group was attempted. All 
had green-forming organisms of the streptococcus and pneumococcus 
groups; most had staphylococci and organisms of the neisseria group. 
Occasionally Friedlander’s bacillus was encountered. 

Table 1 shows that the effort to select cases in which sore throat 
was the major complaint resulted in a series in which acute pharyngitis 
and acute tonsillitis were the final diagnoses in a majority of the cases. 
In only 5 per cent of the patients with hemolytic streptococci and 20 
per cent of those without hemolytic streptococci was sore throat merely 
a part of an “acute diffuse upper respiratory infection.” Cervical 
adenopathy occurred in practically every one, but adenitis was not listed 


Taste 1.—Final Diagnoses Made in a Group of Two Hundred and Forty 
Cases in Which the Complaint at the Time of Entrance 
to the Hospital was Sore Throat 








Group with Group without 
Hemolytic Hemolytic 
Diagnosis Streptococci Streptococci 


81 50 
53.6 56.2 
35 13 
23.1 


17 
11,2 


42 
7.8 





as a complication unless the glandular enlargement persisted for an 
unusually long period or unless suppuration occurred. 

A detailed analysis of the total illness of the class of 1934 through 
three years of training revealed that on the average each nurse was 
off duty for illness seventy-five and a half days (7 per cent of the 
total time in training). Of this loss of time, about 27 per cent was 
caused by acute tonsillitis, pharyngitis, sinusitis and laryngitis. The 
average time lost per attack was seventeen days in the group with 
hemolytic streptococci and fourteen days in the group without hemo- 
lytic streptococci. The time lost by nurses sent home for several weeks 
to recuperate was not included, since some of them stayed off duty 
longer than would have been necessary had they remained in residence. 





Taste 2.—Clinical Study of Cases of Sore Throat Among Nurses 
at the Cook County Hospital 








Average total time lost per nurse of the Cook County Hospital 
ee the three year training period because of 
liness 
Sore throat, sinusitis and laryngitis ee .46 days 
Infection of the upper part of the respiratory tract .22 days 
Percentage of infections of the upper part of the respiratory 
tract due to hemolytic streptococci 
Average time lost per attack of hemolytic streptococcus infec- 
tions of throat and sinuses 
Average time lost per attack of throat and sinus infection not 
associated with hemolytic streptococci 
Percentage of complications in cases of sore throat due to 
hemolytie streptococci 
Pereentage of complications in cases of sore throat not asso- 
ciated with hemolytic streptococci 


75.7 days or 7% of total time 
38% of total 
days of illness 
66.2% 

16.85 days 


14 days 





Tas_e 3.—Comparison of Complications in Three Groups of Nurses 
with Sore Throat 








Sore Throat Caused by 
Hemolytic Streptococci 
(159 in Group) 

———— 


Sore Throat Not Associated 
with Hemolytic Streptococci 
(81 in Group) 

A. 


Searlet Fever 
(60 in Group) 
wie 





co 


Sinusitis 
Cervical adenitis 
Otitis media. 
Rheumatie fever 
Persistent tachycardia 
Reactivation of rheu- 
matie fever 
Rheumatoid arthritis.. 
Persistent tonsillitis 
and pharyngitis....... 


Cases % ‘ 


5 6.2 


9 


Persistent tachycardia 
Persistent pharyngitis 


Sinusitis 

Cervical adenitis 
deep cervical abscess) 

Otitis media 

Rheumatic fever 

Acute polyarthritis. ... 

Persistent tachycardia 

Acute nephritis (1 
death) 

Transient albuminuria 


Acute nephritis......... 
Persistent asthenia.... 
Peritonsiliar abscess... 


Hemolytie streptococ- 
cus septicemia (death) 


Acute enteritis 
Acute appendicitis 
Lacrimal abscess....... Bronchitis 
Appendicitis or mesen- 
teric lymphadenitis... 
Hemolytic streptococ- 


b 2 deaths, 3.5% 
Diphtheria carrier...... 





TaBLe 4.—Comparison of Nonspecific Sore Throat Groups with a Scarlet Fever 
Group of a Similar Age Period in Respect to Severity of Illness 








Pereentage 
Whose Nasal 
Cultures 
Per- Were 
centage Positive 
Show- for Days Days 
ing Hemolytie in Off 
Compli- Strepto- Bed Duty 
cations coccus (Av.) (Av.) 


White 
Blood 
Cell 
Count 
(Av.) 


Days 

Number of 
in Fever 
Group (Ayv.) 


Highest 
Temp., 
F 


Group (Av.) 


Sore throat caused 
by hemolytic strep- 
tocoeci 5 5. 101.7 2 58. 35 

Sore throat not asso- 
ciated with hemo- 
lytic streptococci... 81 

Scarlet fever 


10.32 16.85 


8.00 14.00 
Not computed 


100.0 y 28.5 2.5 
102.4 5 
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It is seen in tables 3 and 4 that the duration and height of the fever, 
the period of disability and the severity and number of complications 
were all higher in the group with hemolytic streptococci than in the 
group without hemolytic streptococci and a little higher in the group 
with scarlet fever than in either of the other groups. The chief differ- 
ences between the group with scarlet fever and the groups with 
nonspecific sore throat were that in the former there was a higher inci- 
dence of acute nephritis and transient albuminuria and in the latter a 
higher incidence of sinusitis. Rheumatic complications occurred with 
about equal frequence in the two groups. Rheumatic fever and per- 
sistent tachycardia developed once each in the group with no hemolytic 
streptococci. No deaths occurred in the groups with nonspecific sore 
throat. Two deaths occurred in the group with scarlet fever. 


TaBLe 5.—Distribution of Two Hundred and Forty Cases ef Sore Throat 
According to Wards Where Nurses Were on Duty 
When They Became IIl 








Cases of Cases of 
Average Sore Throat Caused by Sore Throat Not Caused by 
Number Hemolytic Streptococcus Hemolytic Streptococcus 
of Nurses -— “a” ~ A — 
Nursing Group on Duty Number Percentage Number Percentage 


Contagious Hospital : 34 21.4 


Children’s Hospital j 30 8.2 
41 2 





@~ 


a 


tt 
ft = Co IG 
CcCwoau 


=) 


Neurologic and psychiatric. . 
Gynecologic and obstetric... 
Skin, genitourinary, venereal 


Educational 
only) 

Visiting Nurses Association 
and public health 


> 
a 





As judged from the number of nurses on duty in the various wards, 
the highest incidence of sore throat was among the nurses in the Con- 
tagious Hospital (table 5). Because these nurses are in constant 
contact with patients who have scarlet fever or erysipelas, the high 
incidence of sore throat associated with hemolytic streptococci in the 
nurses of the Contagious Hospital was not surprising. However, the 
incidence of sore throat not associated with hemolytic streptococci was 
also higher in the nurses of the Contagious Hospital than in the nurses 
in other wards. Since the occurrence of scarlet fever in nonimmunized 
nurses prior to universal immunization of the nurses in the Cook County 
Hospital was as great in the Children’s Hospital as in the Contagious 
Hospital,’ it was anticipated that the incidence of nonspecific sore 
throats would be as great also. This did not prove to be so. Probably 


1. Rhoads, P. S.: J.A.M.A. 97:153, 1931. 





TABLE 6.—Comparison of Those Having Originally a Negative Reaction to the 
Dick Test with Those Who had Originally a Positive Reaction and Then 
Were Immunised, in Regard to the Severity of Sore Throat 
Due to Hemolytic Streptococci 








Days 
in 


Bed 


Group Group 


. Nurses who gave a negative re- 
action to the Dick test origin- 
ally (74 in group) (32 of these 
had a history of scarlet fever) 


. Nurses who gave a positive re- 
action to the Dick test origin- 
ally and who were then immu- 
nized (64 in group) 


Complications in Group 1 
ont 


(Av.) 


Per- Number 

centage Forced 

Days Average White Show- to Stop 
of Highest Blood ing Training 

Fever Temp., Cells Compli- and Go 
(Av.) (Av.) cations Home 


4.45 $9.8 14,698 39 


Complications in Group 2 
>. 





— 


Cases Percentage 


Sinusitis 27 36.5 
Cervical adenitis........... 9 12.2 
Persistent tachycardia.... 2 
Rheumatic fever........... 4 9.5 
Recurrence of rheumatic 


Otitis media 

Persistent tonsillitis and 
pharyngitis 

Appendicitis or mesenteric 
lymphadenitis 

Persistent asthenia 

Intereostal myositis....... 

Hemolytic streptococcus 


— 


Cases Percentage 


Sinusitis : 20.3 
Oervical adenitis........... 3 4.7 
Acute polyarthritis 

Otitis media 

Persistent tonsillitis and 


Peritonsillar abscess....... 
Erysipelas 

Persistent asthenia 
Lacrimal duct abscess... .. 





TABLE 7.—Comparison of Those with Hemolytic Streptococci in Both Nose and 
Throat with Those Having Hemolytic Streptococci only in the Throat, 
in Respect to Severity of Attack 








Days in 


Group (Av.) 


. Those’ with hemolytic 
streptococci in both nose 
and throat (49 in group).. 13.11 
Those with hemolytic 
streptococci in throat 


only (105 in group) 9.3 12.0 


Complications in Group 1 
A. 





— 


i 
Cases Percentage 
47.0 
12.2 
6.1 


Sinusitis 

Cervical adenitis........... 

Otitis media 

Persistent tonsillitis and 
pharyngitis 

Rheumatic fever 

Pleuritis 

Abscess of lacrimal duct... 

Diphtheria carrier 


1) 
Pa: eR peat oo o 8 


Days Off Days of 
Bed Duty 
(Av.) 


23.04 


White 
Blood Cell 
Count 
(Av.) 


Highest 
Temper- 
ature 
F. (Av.) 


Percentage 
Showing 
Complica- 

tions 


Fever 
(Av.) 


5.9 101.1 14,802 79.0 
4.9 100.1 14,301 47.6 


Complications in Group 2 
— ee 





Cases Percentage 


SS eee 23 21.9 
Cervical adenitis........... 
Otitis media 
Rheumatic fever 
Persistent tachycardia.... 
Acute polyarthritis 
Rheumatic recrudescence. . 
Chronic pharyngitis....... 
Severe asthenia 
Acute nephritis 
Peritonsillar abscess....... 
Erysipelas 
Appendicitis 
adenitis 
Intercostal myositis....... 
Hemolytic streptococcus 
carrier 


5. 
29 


9 
6.7 


2.9 


eH et ho Oo HO GO to 
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the explanation is in the fact that for the past year (1937) all nurses 
in the Children’s Hospital have worn gauze masks during the fall, winter 
and spring months. No cases of scarlet fever occurred in immunized 
nurses or in nurses who gave a negative reaction to the Dick test orig- 
inally. 


TABLE 8.—Comparison of Those Whose Tonsils Had Been Removed Completely, 
Those Whose Tonsils Had Been Removed Incompletely and Those Who 
Had Had No Tonsillectomy, in Respect to Severity of Sore Throat 








Highest Per- 
Days Days Temper- Days White centage 
Number in oft ature, of Blood Cell Showing 
in Bed Duty FP. Fever Count Compili- 
Group Group (Av.) (Av.) (Av.) (Av.) (Av.) cations 


1. Those whose tonsils had 

been cleanly removed 122 10.10 16.53 100.8 4.98 12,945.0 48.4 
2. Those whose tonsils had 

been incompletely removed 44 9.93 14.79 100.9 4.52 12,657.0 50.0 
8. Those whose tonsils had 

never been removed........ 8.23 13.49 99.6 3.69 14,347.5 40.6 


Complications in Group 1 Complications in Group 2 Complications in Group 3 
Ere | oe tes ss | Ba te = jest pu re PI 9 73 | 
Cases % Cases % Oases % 


Sinusitis f Sinusitis 1 ig Sinusitis 13.5 
Reactivation of rheu- Cervical adenitis... 4 . Rheumatic fever..... 1 

matic fever Otitis media 3 r Reactivation of rheu- 
6.6 Severe gingivitis... 2 matic fever 4.0 





Persistent tachycar- 


Severe chronie as- Persistent tachycar- 
a 6 


dia 


d 
Rheumatoid arthritis ! Cervical adenitis..... 


Cervical adenitis.....  ; 4 - Chronie tonsillitis 
Chronic pharyngitis { a 22 «50. and pharyngitis... 
Otitis media , 6 Otitis media 
Bronchitis 2 6 Peritonsillar abscess 
Intercostal myositis 
Hemolytie strepto- 
eoecus carrier 


Retropharyngeal ab- 
scess 
Erysipelas 

Acute nephritis 
Lumbar myositis... . 


Acute pleuritis 

Mesenterie lymph- 
adenitis or appen- 
dicitis 

Hemolytie strepto- 
coccus carrier. 

= carrier... 





All nurses of the Cook County Hospital are submitted to the Dick 
test. Those showing susceptibility are immunized. So a control group 
of nonimmune nurses was not available. 

Nurses immunized against scarlet fever after coming to the Cook 
County Hospital apparently withstood attacks by hemolytic streptococci 
better than those found immune when originally submitted to the Dick 
test (table 6). Thirty-two of the group whose original reaction to the 
Dick test was negative had a history of scarlet fever. The outstanding 
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differences between the two groups were in the incidence of complica- 
tions and in the number forced to stop training and rest at home for 
varying periods. The much higher incidence of rheumatic complica- 
tions in the group who originally reacted negatively to the Dick test is 
probably accounted for by their previous experience with infections 
due to hemolytic streptococci. 

In the group with hemolytic streptococci those who had the organ- 
isms in the nose as well as in the throat had a more severe clinical 
illness and more complications than the others (table 7). Sinusitis and 
otitis media both were more frequent complications when cultures of 
secretions showed hemolytic streptococci present in the nose as well as 
in the throat. The lower incidence of rheumatic manifestations in these 
patients is not explained. A similar study of the group with no hemo- 
lytic streptococci was not made because cultures of secretions from the 
nose showed green-producing cocci only twice in this series. 

The small difference found between tonsillectomized, partially ton- 
sillectomized and nontonsillectomized groups in respect to severity of 
attacks of sore throat was in favor of the last group (table 8). Most 
of those who had had their tonsils removed had a history of many 
previous sore throats, and some had had rheumatic involvements. This 
probably accounts for the slightly higher incidence of rheumatic mani- 
festations resulting from the attacks studied by us. Cervical adenitis 
and sinusitis were more frequent in the group who had not had their 
tonsils removed. 

SUMMARY 


Acute pharyngitis and tonsillitis constitute about one fourth of the 
illness among the nurses at the Cook County Hosp. tal. 

The average time lost because of sore throat was seventeen days for 
that due to hemolytic streptococci and fourteen days for that not due 


to hemolytic streptococci. 

Infections of the throat with hemolytic streptococci were more 
severe, with a higher incidence of complications, than infections of the 
throat with other types of organisms. 

Infections of the throat with hemolytic streptococci resemble scar- 
let fever in clinical course and complications but are somewhat less 
severe. 

On wards where exposure to acute infectious diseases was greatest 
(the Children’s Hospital and the Contagious Hospital) the incidence 
of throat infections was highest. 

Nurses recently immunized against scarlet fever had milder attacks 
of sore throat, with fewer complications, than those not immunized 
because their reaction to the Dick test had been negative originally. 
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When hemolytic streptococci were present in the nose as well as in 
the throat, the infections were more prolonged and severe than when 
these organisms were present in the throat alone. 

Nontonsillectomized patients had a slightly milder clinical course 
than those whose tonsils had been removed. Rheumatic complications 
predominated in the tonsillectomized group; cervical adenitis and 
sinusitis, in the nontonsillectomized group. 


CONCLUSIONS 


From the data presented, we feel that ordinary sore throat is a serious 
disease, the treatment and prevention of which deserve graver atten- 
tion. All patients with sore throat should be kept in bed several days 
after the fever has subsided, and vigilance used in looking for com- 
plications. The secretions from the throats and noses of such patients 
should be cultured on blood agar as well as on Léoffler’s medium, and 
patients harboring hemolytic streptococci in large numbers should be 
isolated until subsequent cultures become negative or until they can be 
put in situations in which they do not endanger other persons. 

Persons caring for children in hospitals during the fall, winter and 
early spring months should wear face masks, preferably of the type 
having cellophane or wax paper between the layers of gauze. 

Simple methods should be devised for identifying all types of 
pathogenic streptococci, and active immunization against all strains 
should be attempted. 





ATHEROSCLEROSIS OF THE CORONARY ARTERIES 


DANIEL J. GLOMSET, M.D. 


DES MOINES, IOWA 


Medical knowledge develops from speculation, through observation 
and experimentation, to facts. However, when partly understood dis- 
eases have striking clinical manifestations, speculation often overruns 
observation and hinders accumulation of facts. Certain cardiac disorders 
are characterized by dramatic symptoms and tragic endings. For cen- 
turies the medical profession has speculated about the nature of these 
diseases, and many of the intellectual giants among physicians have 
formulated theories about them. Because of the prominence of the 
authors of such theories, the profession in general has been inclined to 
accept the theories as facts, to the detriment of the growth of know]l- 
edge. Thus, Cohnheim’s theory that the coronary vessels are end- 
arteries, Nothnagel’s belief that angina pectoris is due to spasm of the 
coronary artery, Allbutt’s notion that this syndrome is caused by 
stretching of the first segment of the aorta and Mackenzie’s theory that 
cardiac pain is due to some vague form of nerve exhaustion added 
confusion, not clarity, to the knowledge about diseases of the coronary 
arteries. In 1912 Herrick,’ by careful observation and logical deduction, 
isolated from the maze of theoretical knowledge about the coronary 
arteries a clearcut clinical entity, coronary thrombosis, but, in the 
words of that master clinician, “There is still much te be learned about 
the coronary arteries.” This article deals with the anatomy of the 
coronary arteries in man and with the effect on the heart of lesions in 
the coronary arteries. The study was inspired by my former chief, 
Ludvig Hektoen, in whose honor the results are now reported. 

The work of Spalteholz,? Gross* and others has shown that there 
exists normally an abundant anastomosis of the precapillary branches 
of the coronary arteries throughout the myocardium. A number of 
investigators (most recently Wearn*) have shown that at least some 
parts of the myocardium are supplied with blood through the thebesian 
veins and through the arteriosinusoidal vessels. Finally, Beck and 


1. Herrick, J. B.: J.A.M.A. 59:2015, 1912. 

2. Spalteholz, W.: Die Arterien der Herzwand, Leipzig, S. Hirzel, 1924. 

3. Gross, L.: The Blood Supply to the Heart in Its Anatomical and Clinical 
Aspects, New York, Paul B. Hoeber, 1921. 

4. Wearn, J. T.; Mettier, S. R.; Klumpp, T. G., and Zschiesche, L. J.: 
Am. Heart J. 9:143, 1933. 
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Tichy * have demonstrated that there are direct communications between 
the coronary arterial twigs and the extracardiac arteries. In the study 
reported here the anastomosing arterial twigs were seen with the naked 
eye underneath the pericardium in practically every heart examined in 
this series. These anastomosing channels were most numerous on the 
anterior and left border of the left ventricle. It appears, therefore, that 
the heart is extraordinarily well supplied with vascular channels which 
enable the hard-working muscle to meet the exigencies of life. 

Nevertheless, every anatomist studying morbid conditions from 
Cohnheim’s time to this has observed infarcts in the human heart. The 
explanation for the formation of infarcts which suggests itself is that 
the necrosis is due to occlusion of the main coronary arteries or of 
their larger branches, aided by anomalies in these vessels. ‘The coronary 
arteries are superficially placed ; therefore, it occurred to me that infor- 
mation of value might be obtained from a systematic anatomic study 
of them. Accordingly, available hearts were studied. 


TECHNIC 


The main coronary arteries and their superficial branches were dissected 
from the pericardium and the muscle without severing any but the tiny branches. 
The number and location of the ostia of the main coronary arteries and the 
number and location of their branches were noted. The next step was to open 
the coronary arteries to twigs of less than 1 mm. in diameter and to record the 
location and character of each lesion. The heart was opened by incisions running 
free of the attached coronary arteries on each side of the ventricular septum, 
and from two to four incisions were made at right angles to the heart’s surface, 
clear of the larger coronary branches. These cuts extended from the apex to 
the bases of the ventricles. “Serial macroscopic sections” were then made of 
the myocardium by using a curved knife and running the incisions parallel to the 
pericardial and endocardial lesions; the relation of these infarcts to the blood 
supply could then be seen. The septum was examined similarly. Eighty-three 
human hearts from persons past 40 years of age have been studied in this manner. 


OBSERVATIONS 


The variation in the coronary arteries was striking. Not only did 
their number vary (from two to four in this series), but the diameters 
of the main vessels also varied (from less than 2 mm. to more than 8 
mm.), and the size, number and location of the individual branches 
also varied in an extraordinary manner. The circumflex artery was 
sometimes a small twig ending on the anterior surface of the left border, 
and sometimes it was a large artery 3 or 4 mm. in diameter, with 
branches that reached the anterior border of the right ventricle. 
Similarly, the ramus descendens was sometimes a small vessel that 
broke up into twigs half way down the left ventricle, or it was a large 


5. Beck, C. S., and Tichy, V. L.: Am. Heart J. 10:849, 1935. 
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vessel that could be followed easily for 2 or 3 cm. up the posterior 
interventricular groove. Each of three hearts had two accessory 
coronary arteries. In one, the circumflex artery had a separate ostium 
and was as large as the ramus descendens. Each of ten hearts had 
two right coronary arteries, and each of two others had three. These 
were given off near the mouth of the main vessel. 

Kintner ® gave other anomalous origins of the coronary arteries. 
The distribution of the coronary arteries in my own cases, as well as 
that observed by Whitten" and by Banchi®* is given in table 1. The 
marked variation of the coronary architecture must play an important 
role in determining the signs and symptoms which are produced by 


TasLe 1.—Distribution of the Right Coronary and Circumflex Arteries 
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lesions of these arteries. It is well within the range of probability that 
occasionally a branch of a coronary artery may be an end-artery in the 
sense that renal arteries are. 


HYPERTENSIVE HEARTS 


It is customary to include hypertensive hearts under the classifica- 
tion of arteriosclerotic heart disease. Presumably this is done in the 
belief that the arteriolar changes which occur in such organs as the 
kidney and the eye are also present in hypertensive hearts and are at 
least partly responsible for premature heart failure. There were thirty 
hypertensive hearts in this group. None showed gross evidence of 
arteriolar sclerosis. Sections from the myocardiums of a number of the 
large hypertensive hearts were studied microscopically, but no arteriolar 
sclerosis was found. 

ATHEROSCLEROSIS 


The minute structure of the atheromatous lesions of the coronary 
arteries has been described ably many times,’ and recently by Leary.’° 


6. Kintner, A. R.: Arch. Path. 12:586, 1931. 

7. Whitten, M. B.: Arch. Int. Med. 45:383, 1930. 

8. Banchi, quoted by Spalteholz.? 

9. Benda, C.: Krankheiten der Arterien, in Aschoff, L.: Pathologische 
Anatomie, ed. 6, Jena, Gustav Fischer, 1923, vol. 2, p. 57. 

10. Leary, T.: Am. Heart J. 10:328, 1935. 
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It is identical with that found in arteries of similar size in the rest of 
the body. The distribution of the sclerotic changes is strikingly limited 
to the main arteries and their larger branches (fig. 1).. No atheromatous 
lesion was found in any arterial branch buried in the myocardium. The 
ramus descendens and other branches of the left coronary artery often 
became “anchored” to the myocardium by dipping into the muscle. 
After running in the muscle for from 1 to 3 cm., they became super- 
ficial again. Such muscular segments were also invariably free from 
atheromatosis. 
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Fig. 1—Extent of minimal atherosclerosis. Lines crossing arteries show the 
peripheral limit. 


The hearts examined have been arranged into three groups accord- 
ing to the degrees of atheromatous involvement, namely, minimal, with 
only lipoid infiltration of the arterial intima; moderate, with fibro- 
calcareous nodules occurring in addition to lipoid infiltration, and 
marked, with calcium infiltration of the media in addition to the other 
changes. 

Minimal Atherosclerosis—tIn thirty-three hearts the atheromatous 
changes were minimal. In these hearts, there were no detectable 
parenchymatous lesions bearing any relation to the lipoid infiltration 
in the arteries. The age of incidence was from the forty-second to the 
eighty-fourth year of life. Fifty-four per cent of the hearts were from 
persons past 60 years of age. Forty-one per cent of them were from 
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persons who had suffered from moderate or rather severe hypertension 
(table 2). So far as these findings go, they seem to indicate that neither 
old age nor high blood pressure plays a stellar role in the etiology of 
atherosclerosis. 

Moderate Atherosclerosis—The nodular form of atherosclerosis 
occurred in seventeen hearts. Some of the lesions were elongated firm 
plaques with flat inner surfaces; others had rounded tops. This type 
of degeneration extended farther into the arterial tree than the type 
with calcium deposits in the media (fig. 2). Stewart, Birchwood and 
Wells ** expressed the opinion that such nodules do not interfere with 
the circulation in the arteries. However, although most of the nodules 
were not elevated enough to reduce the size of the lumen greatly, 
nodules and plaques that all but obliterated the lumen of the involved 


Taste 2.—Relation of Sex, Age, Heart Weight and Blood Pressure 
to Atherosclerosis 








Persons Hearts Persons With 
More Weighing Systolic 
Sex Than More Pressure 
- on ~ 60 Yr. Than More Than 
Classification of Female, Male, of Age, 400Gm., 140 Mm. Hg, 
Atherosclerosis Hearts per Cent perCent perCent per Cent per Cent 


64 51 30 39 
23 77 47 47 35 
94 64 45 30 





78 54 41 35 





vessel were frequently found. The greatest interference to the blood 
flow in the coronary arteries of the hearts in this group came from 
nodules situated in or near the ostia of the arteries. Frequently the 
mouths of branches going into the muscles were almost or entirely 
occluded by the atherosclerotic process. In two cases death was directly 
due to stenosis of the mouths of coronary arteries. 

Syphilitic narrowing of the mouths of the main coronary arteries 
is often mentioned in literature on the heart. There were five cases of 
syphilitic mesaortitis among these hearts. In one, both the right and 
the left coronary artery were stenosed by the syphilitic process ; in two 
others, only the right coronary artery was involved. It may or may not 
be significant that the coronary arteries in these five cases were remark- 
ably free from atherosclerosis. 

The intima over the atherosclerotic nodules was intact in all but three 
instances. In one, a small ulcer was present in the middle of a flat 
calcareous plaque; in two others, the tops of the nodules were formed 


11. Stewart, J. D.; Birchwood, E., and Wells, H. G.: J.A.M.A. 104:730, 
1935. 
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by similar ulcers, suggesting that the ulcers were due to rupture of 
atheromatous abscesses. Just below one of these, in the ramus 
descendens, the artery was plugged by a relatively recent clot which 
might well heve had its origin on the edge of the ulcer. This was the 
only instance in which there was suggested a relation between an ulcer 
and the formation of a thrombus. 

There were two occlusions with formation of infarcts in this series. 
In one, the thrombus formed in the mouth of the left coronary artery 
and produced instant death; in the other, occlusion of the ramus 
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Fig. 2—Extent of moderate atherosclerosis (nodular). Lines crossing arteries 
show the peripheral limit. 


descendens halfway down the ventricle led to rupture of the left 
ventricle near the septum 1.5 cm. below the occlusion. 

Marked Atherosclerosis Thirty-three hearts showed marked 
sclerosis. Perceptible infiltration of the media with calcium was limited 
to the large coronary arteries (fig. 3). In certain instances the infiltra- 
tion extended only halfway around the vessel; in others it formed a 
complete ring; in most cases, however, the vessel became a calcium 
cylinder for a distance of from 1 to 4 cm. (fig. 4). Thus, typical pipe- 
stem arteries were formed. This type of lesion was the most pernicious 
form of atherosclerosis, because in every instance the lumen was 
encroached on to some extent, and in some cases in which complete 
occlusion had taken place the clotting itself must have played only a 
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minor role in the obliteration of the vessel. Barnes** found diffuse 
fibrosis in the myocardium in connection with such stony arteries. 
Similar interstitial increase was seen a number of times in hearts with 
marked atherosclerosis. The fibrosis apparently was due to occlusion 
or to marked narrowing of the smaller muscular branches in the wall 
of the calcified vessel. 

There were thirty-six hearts with occluded vessels, and in these 
occluded vessels, seventy-four occlusions were found. Saphir, Priest, 
Hamburger and Katz '* found more than one occlusion in each of their 
cases. Multiple occlusions were the rule in this series, but hearts with 





Fig. 3—Extent of marked atherosclerosis showing location of infarcts. 


a single closed vessel also were encountered. The largest number of 
occlusions found in a heart was five. Double occlusions occurred in a 
single artery in five hearts: twice in the right coronary artery, once 
in the ramus descendens and twice in the circumflex artery. When 
the more distal occlusion occurred in a part of the artery that was free 
from atheromatous degeneration, it seemed reasonable to conclude that 
the second stoppage was due to an embolus originating in the proximal 
clot of the artery. The occluding material varied from soft recent 
thrombi, which had been formed a few minutes before death, to calcified 
slugs in cases in which it was impossible to tell just what part thrombosis 


12. Barnes, A. R.: Arch. Int. Med. 55:457, 1935. 
13. Saphir, O.; Priest, W. S.; Hamburger, W. W., and Katz, L. N.: Am. 
Heart J. 10:567, 1935, 
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had played in the occlusion. A number of the areas of occlusion had 
been canalized. In places the channels were double as depicted by Von 
Glahn.'* When an artery has been occluded, an inflammatory reaction 
sets in. This extends to the loose areolar tissue immediately surrounding 
the artery, and thickening of the adventitia and fixation of the vessel 


Fig. 4—Roentgenogram showing calcification in the coronary arteries. 


to the surrounding tissue follow. When the vessel is freed, the adventitia 
has a fuzzy appearance, which enables the examiner to detect an occlu- 
sion even before the vessel is opened. 


14. Von Glahn, W. C., in Levy, R. L.: Diseases of the Coronary Arteries 
and Cardiac Pain, New York, The Macmillan Company, 1936, p. 140. 
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For the sake of clearness, the hearts with occlusions in the coronary 
arteries have been subdivided into four groups according to the number 
of occlusions present (table 3). Almost all of the occlusions occurred 
in the calcified portions of the arteries. The effect produced by oblitera- 
tion of a large coronary artery is determined by a number of interesting 
factors. The most important of them are: the location of the 
occlusions, previous closing of other coronary arteries, and the presence 
or absence of accessory coronary arteries. Thus, the obliteration of the 
lumen of the left coronary artery led to instant death in all cases in this 
series, whereas similar occlusion in the first part of the right coronary 
artery often failed to produce even an infarct. A thrombus formed in 
a small branch of the circumflex artery also caused sudden death because 
the main branch had been occluded previously. Four hearts had been 
able to “carry on” for a while in spite of the fact that in each the right 


TABLE 3.—Distribution of Seventy-Four Occlusions and Forty-Six Infarcts in 
Thirty-Six Hearts 
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coronary artery, the right ramus descendens and the circumflex artery 
had been obliterated for somé time, becausé each of these hearts 
possessed an accessory right ramus descendens. 

Whitten expressed the belief that the shape of the infarct is 
determined by the artery involved. I was unable to substantiate his 
belief from a study of this material, for the effect produced by an 
occlusion of the ramus descendens halfway down the anterior 
longitudinal sulcus varied from a tiny infarction, involving only a small 
part of the septum, to one causing infarction of the apical third of the 
left ventricle. When the infarcts were small, they were found most 
frequently in the middle layer of the myocardium. Diffuse fibrosis of 
a large area of the endocardium, similar to that described by Oppen- 
heimer and Rothschild,’* was present in six of the hearts. However, 
such a change was invariably associated with extensive scarring of the 
entire myocardium in the infarcted area. 

The seventy-four occlusions which occurred in thirty-six hearts were 
associated with forty-six infarcts (table 3). All but two of these 
infarcts occurred in hearts with marked atherosclerosis. There were 
eight infarcts in the eleven hearts with one occlusion each, eighteen 


15. Oppenheimer, B. S., and Rothschild, M. A.: J.A.M.A. 69:429, 1917. 
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infarcts in the fifteen hearts having two occlusions each, seventeen 
infarcts in the eight hearts with three occlusions each and three in the 
two hearts having more than three occlusions each. The entire left 
ventricle was involved in infarct formation in seven instances ; nineteen 
infarcts were found in the anterior part of the left ventricle, nine 
occurred on the lateral border of the left ventricle in its basal half, and 
nine occurred on the posterior surface of the ventricle. All of the 
infarcts of the last group involved the posterior basal part of the 
septum, and in many of them there was slight fibrosis of the septal 
part of the right ventricle. Two small infarcts were found involving 
the basal part of the right ventricle, one on the acute border, the other 
on the anterior surface of the ventricle near the acute border. 

Forty per cent of the hearts weighed more than 400 Gm. The 
heaviest weighed 900 Gm. The abnormal weight was due largely to 
marked dilatation. Such dilatation was always present when the infarcts 
were multiple. In many cases it was extreme, reducing the myocardium 
to a mere shell from 2 to 6 mm. in thickness. The scars of infarcts, 
however, were always associated with compensatory hypertrophy of 
the neighboring uninjured muscle. Such patchy hypertrophy was 
most extensive and most frequently noted at the base of the left ventricle. 
Here the myocardium in some instances measured more than 30 mm. in 
thickness. Some localized pericarditis was present over all but one of 
the anterior infarcts. In two cases the left ventricle was covered by 
obliterative pericarditis, and in one case pericarditis covered the entire 
heart. The infarcts which occurred on the obtuse border of the heart 
rarely involved the pericardium. Mural thrombi in one or both of the 
ventricles were found associated with all but the smallest infarcts. When 
the infarcts were huge, both ventricles were nearly filled with clotted 
blood. In one case, an old mural thrombus was adherent to an infarcted 
area which was known to have been formed fifteen years prior to 
death. It is interesting to note that although only two infarcts were 
found in the right ventricle (apart from the slight fibrosis associated 
with posterior infarcts of the septum), the right ventricle often con- 
tained thrombi when the main right coronary artery was occluded, and 
always when the septum was extensively involved in infarct formation. 
Rupture of the heart occurred five times. In all but one of the cases 
the rupture was located on the obtuse border of the heart. In one 
instance in which the anterior ramus descendens appeared to be a true 
end-artery, the rupture took place near the septum on the anterior 
surface of the ventricle, 4 cm. from the diaphragmatic border. In one 
case the rupture was due to a dissecting aneurysm from an old infarct 
at the base. Aneurysm of the left ventricle occurred once in the basal 
portion of the septum posteriorly. In four cases the apical two thirds 
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of the septum bulged markedly into the right ventricle, and in four 
cases the partial dilatation involved the anterior apical half of the 
ventricle. 

Many of the patients whose hearts were examined in this series 
were observed clinically over long periods of time. Since their deaths 
occurred from a few minutes to fifteen years after the infarcts had been 
formed, it was possible to study the succession of changes which took 
place. These changes varied from no demonstrable alteration of the 
myocardium to the formation of a firm connective tissue scar. The scars 
were rarely free from muscle fibers, and occasionally these fibers were 
the predominating element within the area involved. The healing was 
never complete in four weeks, and in one postérior infarct granulation 
tissue was still present in the myocardium eighteen months after the 
infarct was known to have been formed. The fact that rupture usually 
occurred at the lateral border of the left ventricle and the fact that 
posterior infarcts required a long time to heal are against the clinical 
notion that posterior infarcts are less dangerous than anterior ones. In 
addition to the five sudden deaths from rupture of the infarcted areas, 
there were fifteen other sudden deaths directly due to occlusion of 
coronary arteries. Three of these occurred from occlusion of the left 
coronary artery at its mouth; seven were due to occlusion of the ramus 
descendens; three, to occlusion of the circumflex vessel, and two, to 
occlusion of the right coronary artery. The anatomic observations 


explain many of the clinical vagaries which were present. These will 
become a subject for future analysis. 


SUMMARY 


The architecture of the coronary arteries displays marked variation. 
The variation is significant clinically. 

Atherosclerosis is limited to the main coronary arteries and to their 
larger branches. The Monckeberg type of atherosclerosis is the soil on 
which thrombi grow. 

The heart may “carry on” with three or even more occlusions of the 
coronary arteries. 

Infarcts in the left ventricle occur most frequently anteriorly. Lateral 
and posterior infarcts occur with equal frequency. Infarcts are rare 
in the right ventricle. 

Occlusion of the anterior ramus descendens is the most frequent 
cause of sudden death in coronary occlusion. 

Infarcts require considerable time, even as long as eighteen months, 
to heal completely, and posterior and lateral infarcts do not heal faster 
than anterior ones. 
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EPITHELIAL CYST OF THE HEART 


ISRAEL DAVIDSOHN, M.D. 
CHICAGO 


This report was prompted by an observation made accidentally in the 
course of a necropsy. That is how primary tumors of the heart are 
usually encountered. 

HISTORY OF CASE 


The patient had a long hospital record, having been admitted on five different 
occasions. Only the essential clinical features will be related, because most of 
the findings have no bearing on the observation on which this report is based. 

The patient was admitted for the first time in October 1931, with abdominal 
symptoms suggesting a disease of the gallbladder. She was then 59 years old. 
Her condition improved rapidly, and she left the hospital after three days. The 
examination of her heart revealed no murmurs. 

She returned to the hospital Dec. 28, 1932. In addition to the previous com- 
plaints, she was troubled at this time with manifestations of hypertension and 
with progressive deafness. The blood pressure was 160 systolic and 80 diastolic. 
The heart was enlarged, and at its base were a systolic murmur and a thrill. The 
patient was discharged with her condition improved after seven days. 

In January 1934, she returned with similar complaints and was in the hos- 
pital a week. At this time the intern recorded that he heard no murmurs in the 
cardiac region. An electrocardiogram revealed sinus tachycardia and left ven- 
tricular preponderance with slight myocardial degeneration. 

She was admitted a fourth time Sept. 8, 1936, with pains in the right lower 
quadrant of the abdomen of three weeks’ duration, not associated with nausea, 
vomiting or constipation. In this quadrant the abdomen was extremely tender to 
touch. The temperature was 100.6 F., the pulse rate 104, the respiration rate 24 
and the blood pressure 190 systolic and 70 diastolic. There was a blowing systolic 
murmur, loudest at the apex of the heart and transmitted to the axilla. In the 
right lower quadrant of the abdomen a tender mass was felt, the size of a large 
orange. The other results of the physical examination were of no significance. 
The blood showed: hemoglobin, 70 per cent (Sahli); red blood cells, 3,200,000; 
white blood cells, 8,600, with 80 per cent polymorphonuclear leukocytes and 20 per 
cent lymphocytes. The other laboratory findings were of no importance. The 
symptoms subsided, and the patient left the hospital one week after admission. 
The severe abdominal symptoms recurred and led to the fifth and final admission, 
Oct. 11, 1936, when a diagnosis of carcinoma of the cecum was made. 

At operation a large growth was found in the cecum, with a perforation leading 
to the formation of an abscess between the cecum and the anterior abdominal wall. 
The cecum and the distal portion of the ileum were removed. The ileum was con- 
nected with the ascending colon by means of an enteroanastomosis. 

The growth in the cecum was found to be an adenocarcinoma. 


From the Department of Pathology, Mount Sinai Hospital. 
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Following the operation, the patient reacted poorly; high fever developed, and 
death followed after six days, with signs of a paralytic ileus. 


NECROPSY 

The necropsy was performed two hours after death. The cause of death was 
found to be a fibrinopurulent peritonitis in the lower right quadrant of the abdo- 
men, with incipient generalized fibrinous peritonitis and a paralytic ileus. The 
spleen weighed 212 Gm. and preserited the picture of an acute septic swelling. 
The observations in organs other than the heart were of no significance for this 
report. Permission for examination of the brain could not be obtained. 

The heart weighed 280 Gm. and measured 90 by 95 mm. The subepicardial 
fat was scanty. The mitral ostium measured 90 mm. in circumference. The leaf- 
lets were slightly thickened along the edges. On the posterior wall of the left 
ventricle, in the posterior large papillary muscle, near its tip, there was a cyst 
measuring 10 by 5 by 4 mm. The surface was gray and somewhat transparent. 
The content was gelatinous. The consistency was soft and fluctuating. About 
one fifth of the cyst was within the myocardium; the rest protruded into the 
ventricle. The cyst was removed together with the adjacent myocardium and 
placed in 4 per cent solution of formaldehyde. 

The right ventricle of the heart was slightly dilated. The other observations 
were of no particular interest. The aortic, pulmonary and tricuspid valves showed 
no abnormalities. There were slight atheromatous changes in the aorta. There 
was nothing to explain the loud murmur and the thrill unless they were related to 
the cyst. 

Paraffin sections were stained with hematoxylin-eosin, with Weigert’s iron- 
hematoxylin, with Unna’s polychrome methylene blue for mucin, with Van Gieson 
stain for connective tissue, with Weigert’s elastica stain, with Mayer’s mucicar- 
mine stain and with potassium ferrocyanide for iron. 


HISTOLOGIC EXAMINATION OF CYST 

The muscle fibers of the myocardium showed normal striation. The wall of 
the cyst consisted of an outer capsule of connective tissue with many elongated 
nuclei (fig. 1). The inner surface was lined with two layers of epithelial cells. 
The cells of the basal layer rested on a distinct homogeneous eosinophilic basement 
membrane. They were cuboid, with eosinophilic granular cytoplasm. The nuclei 
were dark, hyperchromatic and of various shapes, most of them being oval; some 
were highly irregular. The cells of the inner layer were considerably higher than 
the cells of the basal layer. They had more abundant cytoplasm, which also was 
eosinophilic and granular. The vesicular nuclei had finely distributed chromatin 
and varied greatly in shape. The inner surface carried dense cilia, the length of 
which was about from one third to one half of the height of the cells (fig. 2). The 
lumen of the cyst was filled with a pink-staining coagulated granular, apparently 
albuminous substance enclosed within a coarse meshwork of a similar but more 
mspissated homogeneous material. 

Slides stained with Mayer’s mucicarmin stain showed areas staining deeply 
red at the periphery of the cavity, adjacent to the epithelial cells, and similarly 
staining droplets within the central portions of the cells. The remaining portion 
of the content of the cyst stained pink. In sections treated with Unna’s poly- 
chrome methylene blue stain for mucin there was a narrow zone of pink at the 
periphery with a gradual transition to purple toward the center. Along the free 
side of the cyst, which protruded into the cavity of the heart, the epithelial cells 
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Fig. 1—The cyst; * 11; hematoxylin-eosin stain. This is a low power mag- 
nification showing the entire cyst and the adjacent myocardium. The innermost 
portion of the wall of the cyst was torn off in this section, but it was present in 
other sections and was identical in structure with the remainder of the wall. The 
empty space around the content of the cyst and the parallel black streaks along 
the outer border are artefacts due to shrinkage. 
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Fig. 2—-A high power magnification showing details of structure: & 400; Van 
Gieson stain. The pale portion in the right lower corner shows the myocardium 
with its characteristic striation. Higher up and to the left follows the darker 
connective tissue capsule of the cyst, then the two layered columnar epithelium 
with a continuous row of cilia, then the empty space due to retraction, and finally 


the amorphous content. 
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were lower, in many places forming only one layer, but they were everywhere 
ciliated. The connective tissue capsule extended without interruption over the 
exposed part of the cyst. It enclosed a few small bundles of muscle fibers. 


COM MENT 

Primary tumors of the heart are rare, but the literature dealing with 
the various types of tumors that have been found involving the heart 
primarily—e. g., myxofibroma, fibroma, rhabdomyoma and sarcoma—is 
fairly large. A study of this literature convinced me that a case of 
epithelial cyst such as I have reported here is extremely rare. I reviewed 
the literature as far back as 1800 and found reports of only two identical 
cases and a third somewhat similar case. 

The first case was reported by Stoeckenius ' in 1919: 

A 45 year old man was operated on for carcinoma of the stomach and died 
from postoperative pneumonia. In the course of the necropsy Stoeckenius observed 
four abnormal chordae tendineae in the left ventricle and a pea-sized cyst in the 
posterior papillary muscle of the left ventricle. The cyst was first thought to be 
an echinococcus cyst, but histologic sections excluded that possibility. Sections 
showed a subdivision into several smaller cystic cavities, the largest of them meas- 
uring 4 mm. in diameter. The cyst was seen to extend between bundles of mus- 
cle fibers, and these evaginations resulted in the subdivisions. The inner surface 
of the cyst was lined with epithelial cells varying in appearance from columnar 
through cuboid to flat cells, the latter resembling the endothelial cells of the 
endocardium. Some of the nuclei were vesicular and elongated or round; some 
were hyperchromatic and rod shaped. The cytoplasm was granular, sometimes 
vacuolated. In some cells the nuclei were pushed by the cytoplasm to the periph- 
ery, and these cells resembled goblet cells. All cells, the columnar as well as the 
flat ones, carried abundant cilia on their inner surfaces. The content of the cyst 
formed a finely granular meshwork with an admixture of desquamated epithelial 
cells. The reproduction of a photomicrograph in Stoeckenius’ article suggests that 
the sections were thick. This might explain the differences in the height of the 
cells, particularly in view of the fact that cilia were found on all of them. 

Stoeckenius offered a hypothesis to explain the origin of the epithelial 
cyst: In the stage of development corresponding to that of fishes and 
amphibians, the cavity of the heart has the structure of a sponge with 
many communicating cavities. Blood is present only in the largest 
centrally located cavity. The endothelium of this early stage is multi- 
potent and may assume the shape that was found in the cyst. In the 
later development the muscle fibers of the septums disappear, and the 
connective tissue remains as chordae tendineae. 

Stoeckenius attempted to explain the origin of the so-called blood 
cysts of the valves in the same manner, as being due to the persistence 
of the embryologic cystic structure of the myocardium, i.e., an origin 
from the myocardial crypts. More recent studies * dealing with cysts 


1. Stoeckenius, W.: Zentralbl. f. Herz. u. Gefasskr. 11:73 and 89, 1919 
2. Levinson, S. A., and Learner, A.: Arch. Path. 14:810, 1932. 
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of the valves have established that they are in nature entirely different 
from the epithelial cysts under consideration. 

The second case was reported by Kolatschow * in 1933: 

A 45 vear old man died from generalized echinococcus disease, with multiple 
cysts in different parts of the body. In addition to this condition, necropsy revealed 
a cyst, measuring 21 by 18 by 17 mm., close to the large papillary muscle of the 
anterior wall oi the left ventricle. The bulk of the cyst, about four fifths of it, 
projected above the endocardium ; about one fifth was within the myocardium. Con- 
nected with it were two smaller oval structures, each about 4 mm. in size. The 
contents were jelly-like. It was first thought to be an echinococcus cyst, but that 
was excluded by histologic examination, which showed a thin fibrous wall attached 
directly to the muscle and on its inner surface columnar ciliated epithelium. There 
were no signs of inflammation. 

Kolatschow offered dystopia as affording the only convincing 
explanation. He suggested as another possibility an origin from the 
external part of the myocardial plate (the later epicardium), which 
grows into the inner portion, from which the myocardium develops. 
This makes it necessary to assume that there was metaplasia of the 
epicardial mesothelium into the columnar. 

The third case was published by de Chatel: * 

A cyst the size of a lentil was discovered in the interauricular septum of a 
newborn girl. It was under the endocardium of the right auricle, immediately 
above the tricuspid valve. It was filled with a thick white liquid. Sections revealed 
that there were two cysts. In one of them a part of the lining was stratified 
hornifying squamous epithelium; in some places the lining was a single layer of 
columnar epithelium. The second cyst was filled with squamous epithelium. In 
the connective tissue surrounding the cyst, structures resembling sweat glands 
were present. 

De Chatel interpreted the abnormality as a dermoid cyst. He tried 
to explain it by an origin either from misplaced ectodermal cells or, 
through metaplasia, from entodermal cells. Either of the two must 
occur at an early stage, at the first formation of the heart’s anlage. 

I was unable to find any embryologic or teratologic data that would 
explain the origin or nature of an epithelial cyst in the heart. There 
is of course little doubt that it is congenital. One is tempted to follow 
the lead of the authors who reported the three former cases and to 
invoke the convenient hypothesis of misplaced ectodermal cells. This 
hypothesis has often been used rather loosely to explain strange struc- 
tural findings. Its application to explain the epithelial cyst of the 
endocardium seems almost licentious. A case report like the present 
one merely adds another question and cannot claim to have contributed 
to the answer. 


3. Kolatschow, A.: Centralbl. f. allg. Path. u. path. Anat. 57:310, 1933. 
4. de Chatel, A.: Frankfurt. Ztschr. f. Path. 44:426, 1933. 
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However, I wish to call attention to the similarity in structure 
between the very rare epithelial cyst of the heart and the not uncom- 
mon epithelial cyst of the esophagus. The latter, too, is lined with 
columnar, frequently ciliated, epithelium or with squamous epithelium; 
in some cases cartilage has been noted in the wall. The lumen is always 
completely separated from the lumen of the esophagus. 

Available embryologic data offer a convincing explanation of the 
origin of the esophageal cyst. Before the separation of the trachea, the 
esophagus is lined with a single layer of low columnar or cuboid 
epithelium. Immediately before the separation the epithelium becomes 
cylindric and forms two layers. In the middle of the third month 
the epithelial cells are high columnar and ciliated. 

It is generally accepted that the esophageal cyst is due to a dis- 
turbance in the separation of the trachea from the intestinal tract.° The 
observation of ciliated epithelium and of cartilage in some of the cases 
suggests a rudimentary lung anlage, although the structure in some of 
them indicates development in the direction of an esophagus. 

The explanation of the origin of the epithelial cyst of the esophagus 
is convincing, but I find no bridge that would permit the application of 
this hypothesis to the epithelial cyst of the heart, though the distance 
between the two organs is so short. Future embryologic discoveries 
may permit a bridging of the gap. 


SUM MARY 


A cyst lined with columnar ciliated epithelium was found in the 
left ventricle of the heart of a 64 year old woman. It seems to be the 
third of the kind on record. It attracts interest because of its rarity 
and because of the difficulty of explaining its origin. An additional 
feature is the observation on two occasions, the first four years and the 
second one month before the patient’s death, of a loud systolic murmur 
and of a thrill once at the base and the other time at the apex of the 
heart. The necropsy revealed nothing in explanation of this phenom- 
enon but the presence of the cyst. 


5. Fischer, W., in Henke, F., and Lubarsch, O.: Handbuch der speziellen 
pathologischen Anatomie und Histologie, Berlin, Julius Springer, 1926, vol. 4, p. 89. 











SARCOMATOUS DEGENERATION OF TRANSPLANT- 
ABLE MAMMARY ADENOFIBROMA OF 
THE WHITE RAT 


LUDWIG A. EMGE, M.D. 


SAN FRANCISCO 


In 1929, in the white rat colony of Stanford University, Dr. Eaton 
MacKay discovered four tumor-bearing females. Because of the 
colony’s singular freedom from neoplastic disturbances the occurrence 
of these tumors was considered sufficiently unusual to warrant investiga- 
tion. The rat colony had been started in 1903 from University of 
Chicago stock and had been built up entirely by nonselective inbreeding. 
The rats were hardy, of a longevity well above the average, relatively 
free from disease and, as far as we know, completely free from malignant 
growths. The tumors discovered were located in either the groin or 
the axilla or both of mature healthy females. They were freely movable 
and of firm consistency. The rate of growth of the first tumor noticed 
seemed to be unusually rapid for a benign tumor. The possibility of 
malignant potentialities was considered, and in order to learn more about 
the behavior of this tumor, transplantation was suggested. However, 
after the tumor had been transplanted, microscopic examination revealed 
benign mammary adenofibroma with a typical lobular arrangement of 
component glands encased in connective tissue whorls. Malignancy 
excluded, the matter received no further attention until several months 
later, when it was discovered that the transplant in one of the implanted 
females showed signs of growth. Since this was unusual, according to 
accounts in the literature, the subsequent discovery in three other 
animals of mammary adenofibromas, all of which manifested fairly 
rapid growth, offered a chance to repeat the first experiment, and trans- 
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plantations were made from these tumors. At this period Dr. MacKay 
transferred to the Rockfeller Institute, and my associates and I fell 
heir to the implanted rats. It was not our intention at first to continue 
this study, but learning from the literature that transplantation of 
mammary adenofibroma was usually unsuccessful and that only implanta- 
tions made into closely related animals of the same family might survive 
a few transplantations, our curiosity about further happenings led us 
on and finally involved us to the point where we could not stop. Having 
acquainted ourselves with the genetics of tissue transplantation, we 
expected our rat colony to show immunity to homoiotransplantation 
because of the great freedom from tumor growth. We were therefore 
surprised to find that after many weeks some of the transplants of each 
of the four original tumors were growing successfully in females 
selected at random from our colony. By now our curiosity was 
thoroughly aroused, and the study of transplantation phenomena was 
undertaken in earnest. After nine years a large mass of data has 
accumulated which will require a great deal of analysis before final 
conclusions can be reached. The information presented here is offered 
as a preliminary report of certain occurrences considered significant by 
us. Lack of space excludes a discussion of the pertinent literature. 

The first and second series of transplants in each of the 4 original 
strains produced very slow-growing tumors. When the first com- 
parative cytologic survey of these tumors was made, we were again 
surprised to find that a considerable change had taken place in the 
cellular constitution of the 3 strains, while the fourth had maintained 
the same cellular composition as its antecedent, although all were 
implanted into the same standard breed of rats, a breed, however, with 
some variation in constitution, as I shall explain later. Since 1 of the 
former strains failed to grow after the third transplantation, which by 
then had produced a pure fibroma, we shall confine our description of 
further happenings to the 3 strains which we have successfully trans- 
planted through nine years, having grown 4,810 tumors up to the end 
of 1937. A study of 2,870 of the animals involved forms the basis for 
this report. 

Our interest has been centered principally on the phenomena of the 
mutation of individual cells and cell components occurring during 
progressive transplantation.1 In other words, we have used trans- 





1. After this study was taken over by us, transplantation was made deep in the 
right groin by placing under the right femoral vessels a piece of tissue approxi- 
mately 5 by 3 by 2 mm., taken from the donor tumor at right angles to its periph- 
ery. This mode of transplantation insures an abundant blood supply, and as long as 
the tumor remains benign one major blood vessel to the tumor is formed, as illus- 
trated. When the tumor assumes malignant tendencies, circulation is taken from 
various sources, so that it no longer permits as ready a removal as does the benign 


tumor. 
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plantation as a method for the analysis of the individuality of cells, so 
ably discussed by Leo Loeb.? We took it for granted that the biologic 
similarity between the tissues of tumor and host was close, because 
of the readiness with which these tumors could be transplanted. We 
also assumed that because of the long-continued inbreeding of the hosts 
(twenty-five years) the genetic relation of the animals had reached a 
high degree of similarity in species differentials, and we further expected 
that because inbreeding of the hosts had not been selective the indi- 
viduality differentials of the cells of tumor transplant and host tissue 
would still show differences in their reaction to each other. Through 
transplantation into animals of different sex or age, into castrates and 
so on we hoped to obtain information about cell behavior toward changes 
in biologic conditions (internal environment), and we believe that the 
results of these procedures show in fair measure that individuality 
and organ differentials are variable quantities of a very complex nature. 
The allotted space permits only the merest description of the most 
important occurrences in these experiments, and discussion will be 


jimited to them. 


EXPERIMENT 1. SPONTANEOUS RAT MAMMARY ADENOFIBROMA STRAIN 
6508-B (1,648 TUMOR-BEARING ANIMALS STUDIED) 

Between 1929 and 1932 this tumor tissue was passed through mature 
normal females, males of different ages and castrates of both sexes, 
making four successive transplantations in that period. Growth was 
very slow, with better than 50 per cent of “takes,” producing large 
tumors which, when allowed to grow, reached a weight which exceeded 
that of the host. The most interesting occurrence in this period was 
the progressively rapid loss of glandular components, which dissappeared 
completely in the fourth series, the typical whorl arrangement of the 
original tumor having changed into a diffuse connective tissue mass. 
From this series a pure strain of fibroma (I-7A and I-7B) was 
developed and has been carried through 25 transplantations to date 
(150 animals delivering tumors of various cellular differentiation). 
From the same series strain I-8 (175 animals) was started as 
fibroma; in passing through 53 transplantations it first yielded pure 
fibroma, in appearance and behavior like that of strain I-7 in two series, 
then produced fibroma and sarcoma in the following 12 transplantations, 
and pure but very slow-growing sarcoma in the last 24 transplantations. 
From the fourth series tumor tissue was also transplanted into offspring 
of tumor-bearing animals, resulting in sarcoma in the next series (1932). 
From this series, 6 substrains (Sa I-1 to Sa I-6) were developed, which 





2. Loeb, L.: Physiol. Rev. 10:547, 1930. 
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have yielded primary spindle cell sarcoma in 1,079 rats. With 100 per 
cent transplantability these strains have been passed to date through 100 
transplant series unaltered and yielding an abundance of recurrent 
tumors after removal. 

We deal here, therefore, with three totally different lines of tumors 
developed from the same antecedent, two representing the extreme 
opposites in biologic behavior, namely, fibroma capable of producing 
tumors that grow slowly to an immense size without killing the host and 
vicious sarcoma growing with extreme speed and killing the host in 
from thirty to forty days without producing metastases but recurring 
almost at once after removal of the growth from the implanted animal. 

Since sarcoma appeared after the introduction of closely inbred 
animals, we presumed that a factor of susceptibility had been introduced 
which so materially altered the somatic constitution of the connective 
cells—particularly fibroblasts—that malignant mutation (dedifferentia- 
tion) occurred. However, further transplantations into selectively 
inbred offspring made us doubt this. Thus, we later transplanted the 





pure strain of fibroma (I-7) into direct offspring, as well as into 
randomly selected members of ‘the colony, without obtaining malignant 
changes in the inbred group. In this instance the inbreeding factor was 
not introduced until after a number of transplantations of the pure 
strain of fibroma had been made. It is therefore possible that the early 
introduction of selective inbreeding may have been a factor in the rapid 
change into the sarcoma of strains I-1 to I-6. However, that sarcoma 
may occur without the introduction of the factor of inbreeding is 
demonstrated in strain I-8, which considerably later (1935 as compared 
with 1932) changed into slow-growing sarcoma, cytologically similar 
to that of strains I-1 to I-6. Although difficult to prove, it is therefore 
not improbable that in relation to changes in biologic relations fime may 
be an important factor in establishing dominance of certain individuality 
characteristics in transplanted tumor tissue. We are investigating this 
problem in strains of transplantable tumors recently started. At this 
moment we must content ourselves with demonstrating that benign cells 
can undergo mutation to the degree of irreversible malignancy. 

The role played in this process by changes in internal environment 
as induced by age, sex, castration and an increase or a decrease in 
genetic relations is equally difficult to demonstrate. There is evidence 
that such a factor exists, as demonstrated by better growth of sarcoma 
in inbred and castrated animals and by better growth of adenofibroma 
in females, particularly inbred females. We have reported, and are 
preparing to report, several hormone studies which have a bearing on 
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this point and which convince us that changes in internal environment 
are of importance in this respect.* 

It cannot be denied that the fact of the development and maintenance 
of a pure strain of fibroma having the same antecedent as various strains 
of sarcoma suggests that the individuality differentials contained in a 
given tissue can be separated by changes in biologic environment or that 
certain differentials can be emphasized or suppressed until they reach 
dominance or recession. This process may be abrupt, as in the strains of 
sarcoma I-1 to I-6, or the change may be a matter of slow development, 
as demonstrated in strain I-8, in which fibroma or sarcoma occurred in 
progressive transplantation until the sarcomatous factor predominated 
and fibroma no longer formed. It therefore seems permissible to 
assume that the dominant individuality differentials determine the 
behavior of a cell in a balanced biologic (internal) environment but 
that when a change occurs in the latter those differentials can be dis- 
placed by others. The great difficulty in substantiating this assumption 
is evident, particularly since it is not simple to demonstrate a changed 
biologic environment within an inbred strain of animals without disturb- 
ing the normal hormonal or metabolic balance. Therefore, no attempt 
is made at this time to explain why the dominance of characteristics 
may express itself in either benign or malignant potentialities. 


EXPERIMENT 2. SPONTANEOUS RAT MAMMARY ADENOFIBROMA STRAIN 
6901 (632 TUMOR-BEARING ANIMALS STUDIED) 

The original tumor was microscopically identical with that of experi- 
ment 1. Six main strains of tumors were developed. The first trans- 
plantation was made in the fall of 1929 and the neoplasm was carried 
through 20 transplant series of benign tumors and through 38 trans- 
plant series of a single substrain of sarcoma, which was lost in 1936. 
All substrains except the one just mentioned began as adenofibroma and 
continued as such, unchanged. Two strains of adenofibroma, II-1A 
and II-1B, after having been passed through 8 transplantations (1929- 
1933) were continued simultaneously in either selectively inbred hosts 
(syngenesiotransplantation ) or in females and males selected at random 
from the colony (homoiotransplantation). The former grew definitely 
larger tumors than the latter. Both strains remained cytologically 
unchanged through 20 transplantations (nine years). Two substrains 
exhibited tendencies to change into fibroma much in the same way as 





3. Emge, L. A., and Wulff, L. M. R.: West. J. Surg. 42:45, 1934. Emge, 
L. A.: Am. J. Obst. & Gynec. 28:682, 1934. Emge, L. A.; Wulff, L. M. R., and 
Tainter, M. L.: Proc. Soc. Exper. Biol. & Med. 31:152, 1933. Emge, L. A., and 
Murphy, K. M.: Am. J. Obst. & Gynec. 32:593, 1936; Proc. Soc. Exper. Biol & 
Med. 37:620, 1938. Emge, L. A.; Murphy, K. M., and Schilling, W.: ibid. 38:21, 
1938. 
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described for fibroma strain I-7 of experiment 1. One of these 
substrains (6901-B) produced pure fibroma after the second trans- 
plantation. The strain was discontinued after the sixth transplantation 
because of inability to breed the hosts. The other, strain II-4, developed 
as fibroma in the fourth transplant series (1932) and recurred as 
fibroma after removal. The recurrent tumor was transplanted and 
became sarcoma at once and grew as such in the sixth to twelfth 
transplantations (1933). In the thirteenth to twenty-seventh trans- 
plantations (1934) it occasionally produced fast-growing fibroma 
together with sarcoma but in the twenty-eighth to thirty-eighth trans- 
plantations (1935-1936) changed to rapidly growing fibroma which 
recurred as fibroma and only occasionally produced sarcoma. This strain 
was grown in offspring from other tumor-bearing parents through 18 
transplant series. From there to the thirty-eighth transplantation the 
tumor was transplanted into selectively inbred hosts not in a direct line 
of descent. Consequently, while the distance of genetic relation was 
decreased, this was not syngenesiotransplantation. Unfortunately, the 
strain died out when an intercurrent disease killed off all the animals 
bearing the transplants. We do think that this strain had about reached 
completion in the emphasis of its dominant individuality differential. 
Of 4 strains of adenofibroma grown in this experiment, all showed the 
same characteristics of slow growth, orderly arrangement of cells, 
abundance of glandular material, ability to secrete, as shown in preg- 
nancy experiments, and complete freedom from any changes suggestive 
of malignancy. We presume that the original balance between indi- 
viduality and organ differentials possessed by the original tumor 
remained intact, and it is interesting that it could not be disturbed by 
selective inbreeding. After nine years of growth the characteristics of 
the original tumor are still perpetuating themselves unchanged as 
mammary adenofibroma, and only 1 substrain became malignant, after 
having recurred as cellular fibroma. 


EXPERIMENT 3. STRAINS 6499-A AND 6499-B (590 TUMOR-BEARING 
ANIMALS STUDIED) 

Tumors A and B were microscopically identical, and similar to those 
in experiments 1 and 2. One grew in the right axilla and the other in 
the right groin of the donor animal. Substrains were grown only from 
6499-B. The percentage of “takes” was low in the first 5 transplanta- 
tions but increased steadily in the subsequent series. The general 
characteristics of growth described in experiment 2 were observed also 
in this experiment. Growth was slow, but fibroma appeared in an early 
transplant series. Fibroma predominated in group A up to the fifth 
series (1929-1932). In the following 9 transplantations (1932-1934) 
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sarcomatous degeneration occurred occasionally. All glandular tissue 
disappeared in the fifteenth to the twenty-third transplantations (1933- 
1936) and fast-growing fibroma developed. In the final 10 transplanta- 
tions the latter changed into rapidly growing sarcoma. Transplantations 
were made into the current stock of the colony. 

In group B, strain II-5, the glandular components did not disappear 
until the ninth transplantation (1929-1933). In the following 2 trans- 
plantations pure fibroma resulted, but in the twelfth to the twentieth 
series (1934-1935) it changed back into rapidly growing adenofibroma, 
which had all the growth potentialities of sarcoma inasmuch as it recurred 
and more often produced tumors in which the connective tissue element 
predominated. The reappearance of the adenomatous element after its 
absence in 2 transplantations is interpreted best as being due to hidden 
adenomatous cells not readily found in fairly large fibromatous tumors. 
In the twenty-first to the twenty-fourth series (1935-1936) growth 
slowed and fibroma began to appear again. In the twenty-fifth to the 
thirty-second series (1936-1937) the adenofibromatous appearance gave 
place to that of a pure connective tissue tumor, which in the twenty-ninth 
series turned into sarcoma and has remained sarcoma to date. All trans- 
plantations were made in our ordinary strain of rats except substrain 
II-5B, which was implanted into offspring of tumor-bearing parents 
not directly related. This strain changed into fibroma in the fourth 
transplantation and then died out. The genetic analysis of these strains 
will be reported elsewhere. Three substrains of sarcoma were devel- 
oped from the rapidly growing fibroma of the twenty-fifth, twenty- 
seventh and twenty-ninth transplant series. 


In this experiment were demonstrated the growth abilities exhibited 
in the two previous experiments, but in a more modified form. It is 
interesting that, although the original tumors came from the same host, 
each had a slightly different behavior when transplanted. In both tumors 
the individuality factor which controls the growth of connective tissue 
was probably subdued for a considerable but variable time but ultimately 
obtained dominance, which led to the destruction of glandular tissue. In 
this experiment the change in the tissue from orderly to confused growth 
was very gradual, although the impulse toward fast growth manifested 
itself at various stages of transplantation. 


CYTOLOGIC STUDIES 
In the accompanying photomicrographs’ figs. 1, 2 and 3) the major 
events in the change from adenofibroma to sarcoma are demonstrated. 
There are numerous gradations in the cell changes between those 
recorded here. We observed that the change when gradual followed a 
definite sequence. The glandular structure of the adenofibroma may 
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Fig. 1—Four principal stages in tumor development: A, adenofibroma; B, 
fibroma showing single blood supply; C, cellular fibroma, presarcomatous stage; 
D, sarcoma with massive invasion of the surrounding tissue. 
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Fig. 2.—Principal phases of sarcomatous degeneration in consecutive transplanta- 
tion (low power magnification): A shows the original adenofibroma. In B, con- 
nective tissue displaces glands. In C, glands have completely disappeared, but 
the connective tissue still maintains the original arrangement of fibers. In 
D, connective tissue fibers assume a parallel arrangement. The cells are well 
differentiated. The intercellular material increases. In E, the cellular material 


increases, with less organization of tissue. In F, sarcoma appears, with a confused 
arrangement of tissue and many mitoses. 
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Fig. 3.—Three principal end-phases in tumor development: A, adenofibroma 
after pregnancy, showing preservation of its physiologic capacity even after many 
transplantations (high power magnification); B, typical mature fibroma (high 
power magnification) ; C, differentiated sarcoma, showing various mitoses and a 
confused arrangement of cells of unequal size (oil immersion lens). 
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be maintained for 1 or 2 transplantations, then a marked increase 
in interfibrillar substance occurs. The mast cells which are present in 
great abundance in the adenofibromatous tissue definitely decrease. The 
lobular arrangement of connective tissue around gland components con- 
tracts and frequently forms small lobules around single or small groups 
of glands, which often are in a state’of necrosis. In the next trans- 
plantation the connective tissue assumes a looser pattern with a definite 
increase in mature fibrils. Glands are extremely rare or absent in this 
and the next stage. The mast cells are still on the decrease. From now 
on the tumor tissue assumes many different forms of fibromatous 
arrangement which, according to its maturity, shows new or older 
fibroblasts and when fully matured presents large fields of hyalinized 
tissue. The hyalinized tissue may present the end-phase of this neo- 
plastic development. 

In certain strains, and probably more so in inbred strains, further 
transplantation produces a more cellular connective tissue tumor. The 
first stage of the change is marked by the appearance of lymphocytes and 
eosinophils and the almost complete disappearance of mast cells. The 
smooth parallel arrangement of connective tissue fibers changes into a 
more confused arrangement and by gradation develops into sarcoma of 
various maturities in further transplantations. The end-phase in this 
development is a confused growth of highly cellular spindle cell sarcoma 
with an abundance of mitotic figures of various forms, at times approach- 
ing the formation of myxosarcoma and at others that of cellular fibroma 
with an unusual number of mitotic figures. These appearances we 
consider as grades of maturity which, after a number of transplantations, 
clarify themselves into that of a reasonably uniform and differentiated 
tumor. 

Adenofibromatous transplants which maintain the composition of 
the original tumor also maintain their physiologic potentialities (fig. 
3A). In pregnancy they undergo the changes typical for lactation and 
contain milk after delivery of the litter. They show cyclic changes known 
to occur in estrus, and they are capable of responding to the administra- 
tion of estrogens. As a rule, both benign and malignant derivatives 
respond to the impulse of pregnancy either by retardation of growth 
or by the usual reaction typical of all other tissues. These changes we 
have described elsewhere. Carcinomatous changes were seen a few 
times in the inbreeding experiment with adenofibroma, but we have not 
yet succeeded in obtaining transplantable adenocarcinoma. The change 
observed is that of marked hyperplasia of the glandular coraponents 
with invasion of the surrounding stroma. Microscopically the picture is 
typical of cancer, but biologically the tumor is not malignant, since 
differentiated adenofibroma occurs in subsequent transplantations. We 











440 ARCHIVES OF PATHOLOGY 


stress this point because the change in biologic behavior usually antedates 
such cytologic change as we have seen in sarcomatous degeneration. We 
now possess several strains of recurring adenofibroma with considerable 
mitotic activity in both the adenomatous components and the stroma. 


COMMENT 
As stated in the first part of this paper, the report rendered here 
is for the purpose of recording various occurrences in the transplantation 
of benign mammary adenofibroma of the white rat. It is not intended 
to offer final conclusions as to the mechanism of the very difficult and 
complicated process which governs tissue changes in transplantation. 
The realization that the domain of genetics and development is beset with 
innumerable hazards impresses us with the great necessity of continuing 
studies such as this over long periods of time, and we do not believe that 
nine years is sufficient to enable one to make final conclusions. However, 
we do believe that transplantation is an excellent method of measuring 
the biologic capacity of cells because it permits study of living tissue 
over an unlimited period, which is not possible in a study of spontaneous 

tumors. 
* SUMMARY 


From our observations in these studies we have gained the following 
impressions: A compound tumor may in the course of transplantation 
lose its identity and give rise to tumors of different structure and 
behavior. Such a change may end in either a benign or a malignant 
expression. It is possible for a compound tumor to maintain its cyto- 
logic identity in spite of modifications of its behavior in long-continued 
transplantation, and it is possible that under these circumstances such 
changes are accelerated when tissue is passed through selectively inbred 
hosts. Since this is not a constant phenomenon, this particular mode 
of transplantation does not explain why such changes do or do not take 
place. When a change in tumor behavior reaches its completion, as in 
sarcomatous degeneration, it is probably irreversible. We are therefore 
under the impression that individuality characteristics of benign tumors 
are multiple and if disturbed by environmental changes may elect either 
dominance or recession. The change is therefore a somatic one and as 
far as we know bears no direct relation to mendelian rules. 
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CRYSTALLINE BENCE JONES PROTEINS 


ARTHUR E. MAHLE, M.D. 


LINDON SEED, M.D. 
AND 
WILLIAM H. WELKER, Pu.D. 
CHICAGO 


In 1847 Bence Jones reported the occurrence of a peculiar protein 
in the urine of a patient suffering from a disease of the skeleton. Since 
that time there have been a large number of studies of Bence Jones 
protein. While for a time the protein was supposed to be characteristic 
of multiple myeloma, it has since been found to occur in various other 
conditions. The chemical reaction characteristic of it is that it coagu- 
lates around the coagulation point of other coagulable proteins, but 
the coagulum formed goes completely into solution when the medium 
is raised to the boiling point. Other proteins,’ which are not derived 
from pathologic processes, are known to exhibit this peculiar property. 
The chemical makeup of the medium? in which the coagulation is 
carried on also appears to have a profound effect on the solubility of 
the coagulum at the higher temperatures, so that a few of the proteins 
that form insoluble coagulums under ordinary conditions will in special 
mediums show complete solution at a higher temperature, with repre- 
cipitation on cooling. 

Relatively few proteins have been crystallized from urine. All of 
these show the Bence Jones coagulation to a greater or lesser degree. 
A search of the literature has revealed twelve instances.* We have 
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succeeded in crystallizing two of the proteins that we have studied, which 
are included in these twelve instances. 

Outside of these two, we have studied numerous proteins precipi- 
tated from urine and giving the chemical test for Bence Jones protein, 
applying a great variety of crystallization methods without any success 
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Fig. 1.—Crystalline material which separated out of the urine at 40 per cent 
saturation with ammonium sulfate. Crystalline structure can be observed in most 
of the globular masses. 


in obtaining them in crystalline form. Immunologic tests of these pro- 
teins show that they all contain appreciable amounts of pseudoglobulin. 
From a detailed study of the Arndt‘ protein, we believe that in this 


4. Welker, W. H., and Hektoen, L.: J. Infect. Dis. 53:165, 1933. 
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case pseudoglobulin, as well as the two other proteins, are in chemical 
combination with the Bence Jones protein. All attempts to split this 
combination without denaturing the individual proteins in combination 
have failed. When such chemical combination exists, usually none of 
the known methods of crystallization seems to be effective. This is 
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Fig. 2.—The voluminous gelatinous precipitate formed at 25 per cent ammonium 
sulfate saturation of the water solution of the crystals in figure 1 was slowly 


transformed into these large prismatic crystals. 


especially true when the quantity of the protein associated with the 
Bence Jones protein is relatively large. In cases in which the chemical 
combination is a loose one, minor chemical agencies can split or shift 
these combinations. From our observations we believe that in most 
cases the chemical combination between the Bence Jones protein and 
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the associated protein, usually pseudoglobulin, is so firm that the com- 
bination cannot be split without denaturing the individual proteins. 
In dealing with solutions of such combinations it is frequently found 
that with a high titer antiserum for one of the proteins no reaction 
will occur, or at most a feeble one not at all commensurate with the 
quantity of this particular protein in the combination. We believe 
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Fig. 3.—In the water sclution of the crystals in figure 2, on from 25 to 30 
per cent saturation with ammonium sulfate there appeared, on standing, these 


crystals, which were water insoluble. 


that this result is due to the way in which the chemical compound of 
these proteins dissociates. As Sgrenson® found, and the observation 


5. Sgrensen, S. P. L.: Compt. rend. d. Trav. du lab. Carlsbad, s. Physiol. 
18:16, 1930. 
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has been confirmed in our work, pseudoglobulin can form compounds 
with euglobulin on a sliding scale, and it would be entirely logical to 
assume that it can form combinations with Bence Jones protein in the 
same manner. On this basis some pseudoglobulin could dissociate from 
the compound of pseudoglobulin and Bence Jones protein and be free 








Fig. 4.—On dialysis of a solution of the prismatic crystals of figure 3 in very 
dilute solution of sodium carbonate the crystals of figure 4 separated out of 
solution. 


to react with the known antiserum, while the Bence Jones protein would 
remain combined. In this state, it could not react with its antiserum. 
When such a combination is injected into a rabbit, it apparently is split 
without denaturation into its components, since antiserum is readily 
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produced for all the antigenic constituents of the combination. Wilson ® 
made similar attempts at crystallization of Bence Jones protein, with 


negative results. 
EXPERIMENTAL STUDY 


Crystalline Bence Jones protein was isolated from the urine of two 
patients who suffered from multiple myeloma. Complete reports of 
both these cases will be published elsewhere. 


The first patient was a white woman aged 57 years. The urine was collected 
for a period of two years. Analysis of the blood showed 2.81 per cent albumin 
and 7.13 per cent globulin. The blood calcium and inorganic phosphates were 
within normal limits. Immunologic tests showed the presence of Bence Jones 
protein in the serum. 

The second patient was a white woman, aged 62 years. Analyses of the blood 
showed the following averages: albumin, 3.21 per cent; globulin, 4.86 per cent; 
calcium, 12.95 mg., per hundred cubic centimeters of serum, and phosphates, 5.18 mg. 

Each urine gave the typical Bence Jones reaction. It contained also a small 
quantity of other coagulable proteins. The tests gave the best results when the 
urine was slightly acidified and then heated to boiling and filtered while boiling 
hot. The filtrate was boiled and again poured on the funnel so that the entire 
apparatus was thoroughly heated. The hot filtrate, which was crystal clear, gave 
a moderately heavy precipitate on cooling. In the course of these tests, it was 
demonstrated that on a moderate acidification of the urine the other coagulable 
proteins could be coagulated without affecting the Bence Jones protein. On 
filtration and after slightly increasing the hydrogen ion concentration, the Bence 
Jones protein would be coagulated; on heating to boiling a perfectly clear solu- 
tion was obtained, with the reappearance of a precipitate on cooling. Whether 
this method is applicable to all Bence Jones protein cannot be said at this time. 

To secure crystallization, the urine was saturated to 25 per cent with ammo- 
nium sulfate and filtered. The filtrate was raised to 40 per cent with ammonium 
sulfate and left standing. Within a week globular crystals appeared which did 
not show visible internal crystalline structure, but on further standing crystalline 
structure could be seen in the globules, and finally prismatic forms began to 
appear. At the end of several weeks an abundance of semicrystalline material 
appeared, which was readily soluble in water. When the water solution was 
raised to 25 per cent saturation with ammonium sulfate, a voluminous gelatinous 
precipitate formed, which on standing was converted into large prismatic water- 
soluble crystals. In the water solution of these crystals the addition of from 
25 to 30 per cent ammonium sulfate was followed by the appearance of perfectly 
formed prismatic crystals, which were insoluble in water. On raising the pu to 
a little above 7, however, the crystals were readily dissolved, and when this solu- 
tion was dialyzed, the protein crystallized out in needle form. 


COM MENT 
These results can be explained on the basis of a shift in combination 


of proteins with a resultant change in the precipitation limits. In each 


6. Wilson, D. W.: J. Biol. Chem. 56:203, 1923. 
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case the urine yields a precipitate originally at 25 per cent saturation, 
and it will not produce any further precipitate at this point, even if 
it stands for months. This result seems to indicate that in the urine 
the protein compound is such that at 25 per cent saturation it will not 
separate out of solution. 

The water solution of the imperfectly crystalline material that sepa- 
rates slowly from the original urine at 40 per cent saturation will at 
25 per cent saturation immediately form a voluminous gelatinous pre- 
cipitate. This precipitate is slowly changed to large prismatic crystals. 
This finding is believed to indicate that the protein compound has been 
modified. 

The water solution of these large prismatic crystals saturated from 
25 to 30 per cent will slowly yield small prismatic crystals, and these 
are not water soluble but are readily soluble in a faintly alkaline solvent. 
Again a shift in the protein combination has probably occurred. These 
changes cannot be explained on the basis of the denaturation of the 
protein, because its antigenicity remains unchanged throughout the whole 
process. 

When the protein present in the urine of each of these two patients 
is precipitated by from 25 to 100 per cent saturation with ammonium 
sulfate and the precipitate is put back into water solution, and the 
ammonium sulfate crystallization methods are applied, the protein 
behaves in the same fashion as it did in the urine. The combinations 
of proteins existing originally in the urine do not seem to be modified 
by an initial precipitation between 25 and 100 per cent saturation. 

The crystalline proteins from the urine of these patients are insoluble 
in water but readily soluble in 10 per cent sodium chloride and in very 
dilute solutions of sodium carbonate. In 1 per cent solution the follow- 


ing reactions were obtained: 


First Patient Second Patient 

Biuret Strong, positive Strong, positive 

Color in each case toward purple, rather than pink 
Millon Positive Positive 
Xanthoproteic Strong, positive Strong, positive 
Hopkins-Cole Positive Positive 
Liebermann Positive Positive 
Molisch Negative Negative 
S-H_ sulfur Appreciable Faint 
When the solutions are acidified, a precipitate forms, and when the 


solutions are heated a heavy coagulum appears, which goes completely 
into solution on heating to boiling and reappears on cooling. These 
two proteins are identical in all points of their behavior. Their immu- 
nologic properties will be fully discussed in a study of a series of Bence 
Jones proteins that is under way. 
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SUM MARY 


The two crystalline Bence Jones proteins studied show peculiar 
behavior when the ammonium sulfate method of obtaining crystalliza- 
tion is applied. This peculiar behavior consists in a shift of the degree 
of saturation at which crystals appear, a change in the form of the 
crystals and a change in the solubility of the crystals. In their insolu- 
bility in water and solubility in 10 per cent sodium chloride and very 
dilute solutions of sodium carbonate these proteins resemble the Noel- 
Paton * protein, although the crystal form is somewhat different. 
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